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ABSTRACT 
An Epidemiological Study of Obesity Among Asian Americans in California, United States 
by  
Shaoqing Gong 
Obesity has reached epidemic levels in the United States (U.S.). Despite an increasing number of 
studies on obesity, a very few have addressed this debilitating condition among Asian American 
adults. The overall objective of this study is to utilize the latest cycles of the California Health 
Interview Survey (CHIS) to better understand obesity and identify its correlates among Asian 
Americans. The study population comprised Asian American adults aged 18 years or older from 
the CHIS with data pooled from the 2013 and 2014 survey years. Obesity (≥27.5 kg/m2) was 
defined using the World Health Organization (WHO) Asian body mass index (BMI) cut points. 
This study examined differences in obesity prevalence across ethnically diverse groups, the 
association between geography and obesity, and investigated the influence of immigrant 
generation on obesity. Descriptive analyses were used to examine the prevalence of obesity. 
Weighted multiple logistic regression analyses were used for the analyses. The prevalence of 
obesity was 23.3% among Asian Americans. Compared to Whites, being Chinese, Korean, and 
Vietnamese were associated with lower prevalence of obesity (Odd Ratio (OR) = 0.28, 95% CI = 
0.18-0.45; OR=0.14, 95% CI=0.04-0.46; OR=0.28, 95% CI=0.14-0.58, respectively). Compared 
to Chinese, being Japanese and Filipino were associated with higher obesity prevalence 
(OR=2.75, 95% CI=1.52-4.95; OR=2.90, 95% CI=1.87-4.49). Living in rural areas was 
associated with lower prevalence of obesity in 2014 (OR=0.53, 95% CI=0.29-0.97). Being male 
was associated with higher prevalence of obesity overall, in 2013, and in 2014, respectively.  In 
California, 1st generation of Asians had lower odds of being obese compared to Whites 
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(OR=0.34, 95% CI=0.26-0.45). Among Asian adults, 2nd generation (OR=1.69, 95% CI=1.10-
2.60) and 3rd generation (OR=2.33, 95% CI=1.29-4.22) were associated with higher odds of 
being obese compared to 1st generation. Disparities in ethnicity/race, geography, and immigrant 
generations were observed in Asian Americans in California in 2013-2014. Our findings can help 
resolve controversies surrounding the obesity etiology, especially as applied to health disparities 
in Asian Americans, and help guide future obesity and health disparity elimination intervention 
efforts. 
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CHAPTER 1 
INTRODUCTION 
            The American Heart Association, American College of Cardiology, and The Obesity 
Society released new guidelines that obesity is a disease and obese patients need more active 
treatment for weight loss (Jensen, Ryan, Apovian, Ard, Comuzzie, Donato, et al., 2014). Obesity 
is associated with the risk of morbidity from type-2 diabetes, hypertension, coronary heart 
disease, stroke, gallbladder disease, osteoarthritis, sleep apnea and respiratory problems, some 
cancers, impaired quality of life, psychosocial disturbance, and limited access to quality care 
(Dixon, 2010; Jensen et al., 2014).  Obesity is also associated with increased risk of all-cause and 
CVD mortality (Jensen et al., 2014). Overweight and obesity are major contributors to chronic 
diseases in the United States (U.S.) and present a major public health challenge.  
            Obesity has become an epidemic in the U.S. (Flegal, Kruszon-Moran, Carrol, Fryar, 
Ogden, 2016; Flegal, Carroll, Kit, Ogden, 2012). Currently, more than one-third of the U.S. 
populations are obese. According to the latest national representative data from the 2013-2014 
National Health and Nutrition Examination Survey (NHANES), the age-adjusted prevalence of 
obesity in the U.S. was 35.0% for men and 40.4% for women (Flegal et al., 2016). Although the 
prevalence of obesity among youth and adults has not changed significantly since 2004, the 
prevalence of overweight and obesity remain high, particularly in some racial and ethnic 
minority groups, as well as in those with lower incomes and less education (Jensen et al., 2014; 
Ogden, Carroll, Kit, Flegal, 2014). In California, 7.4 million adults and adolescents were obese 
in 2011-2012. The prevalence of adult obesity rose from 19% in 2001 to 25% in 2011-12 
(Wolstein, Babey, Diamant, 2015).  
12 
 
 
            In 2010, overweight and obesity were associated with approximately 3.4 million deaths, 4% 
of years of life lost, and 4% of disability-adjusted life-years worldwide (Lim, Vos, Flaxman, 
Danaei, Shibuya, Adair-Rohani, et al., 2012). As such obesity and its associated health problems 
(e.g., increased risk of death and costly chronic diseases caused by obesity) have led to a huge 
financial burden on the economy (Nguyen & El-Serag, 2010; U.S. Department of Health and 
Human Services, 2001). The medical care cost of obesity was estimated to be $147 billion in 
2008 (Finkelstein, Trogdon, Cohen, Dietz, 2009). Additionally, the annual productive costs due 
to obesity-related absenteeism range from $3.38 billion ($79 per obese individual) to $6.38 
billion ($132 per obese individual) in the U.S. (Trogdon, Finkelstein, Hylands, Dellea, Kamal-
Bahl, 2008).  
            Compared to a number of studies on adult obesity in the nation, research on obesity 
among immigrants especially for Asian Americans is limited. In 2014, of a total about 42.4 
million immigrants in the U.S., Asian Americans account for 42.4% (Mossaad, 2016). The 
immigrant population continues to grow. Of the immigrant population, Asian Americans were 
the second largest immigrant group, accounting for 28% of all foreign born populations (Grieco, 
Acosta, Patricia, Gambino, Gryn, Larsen, et al., 2012). In 2011, 79% of Asian Americans aged 
18 years and older were foreign-born (U.S. Census Bureau, 2015). Asian Americans are one of 
the fastest growing populations in the U.S., increasing 46% between 2000 and 2010 (Pew 
Research Center, 2013), and will double in population size with a projected increase to more 
than 43 million by 2050 (Yi, Kwon, Wyatt, Islam, Trinh-Shevrin, 2015). Their numbers as a 
proportion of the U.S. population are projected to grow from 5.8% in 2011 to 9% by 2050 (Pew 
Research Center, 2008).  
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            Asian Americans are geographically dispersed across the U.S., but primarily concentrated 
within urban areas. To date, there is very limited research examining obesity among Asian 
Americans. Therefore, it is important to identify the factors propelling the increase of obesity 
rate in this population, in order to effectively combat and prevent obesity (Desir, 2015). Due to 
limited availability of data to study obesity among Asians and the fact that California Health 
Interview Surveys (CHIS) is the largest data to collect health information for Asian Americans, 
the overall study objective is to analyze the latest cycle of CHIS (i.e., 2013-2014) to better 
understand obesity and identify its related determinants among Asian Americans.  
  
Significance 
            In the U.S., over two-thirds of adults and one-third of children are overweight or obese, 
which is expected to result in many serious health and financial consequences (Ogden et al., 
2014; Wang & Beydoun, 2007). Overall, there is limited research to study obesity and health 
outcomes among Asian Americans, which represent about 14.9 million people in the U.S. from 
more than 60 different ethnic groups and 100 different spoken languages (Institute of Medicine, 
2002). Asian Americans are diverse in characteristics such as country of origin, religion, 
generational status (e.g., U.S.-born versus foreign-born), duration of residence in the U.S., and 
socioeconomic status (SES). In the existing literature, key gaps for obesity and its comorbidities 
research among Asian Americans include: 1) the majority of previous research is based on cross-
sectional data, short follow-up, and/or small samples, and focusing largely on individual factors 
(e.g., Brown, Hampson, Dubanoski, 2009; Cho & Juon, 2006; Wang, 2013); 2) there is limited 
knowledge on factors contributing to obesity disparities especially among Asian Americans (e.g., 
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Esperat, Inouye, Gonzalez, Feng, 2004; Nam, 2013); and 3) lack of research using innovative 
approaches to comprehensively study obesity (e.g., Barnes, Adams, Powell-Griner, 2008). 
            We used adult data files from the public-access CHIS for the latest cycles, i.e., 2013 and 
2014. The CHIS is a biennial population-based survey that uses a random-digit–dial sample, 
including both landline and cellular telephone numbers. All analyses were survey-weighted by 
using the jackknife method for variance and standard error. We studied the complex problems 
and took advantage of the related resources and opportunities including data and research 
methods from different fields. Our findings can help resolve controversies surrounding the 
obesity etiology, especially as applied to health disparities in Asian Americans, and help guide 
future obesity and health disparity elimination intervention efforts.  
 
Research Questions and Hypotheses 
1. Are there any group differences in obesity among Asian Americans in California from 
2013 to 2014? 
            Hypothesis: There are noticeable differences in obesity among Asian Americans, 
i.e., Chinese, Filipino, Japanese, Korean, and Vietnamese. 
2. Are there any geography disparities in obesity among Asian Americans in California 
from 2013 to 2014? 
            Hypothesis: Geography disparities exist in obesity among Asian Americans. 
3. What is the influence of immigrant generation on obesity among Asian Americans in 
California from 2013 to 2014? 
            Hypothesis: Compared with the 1st generation Asian Americans, 2nd and 3rd 
generations have a higher likelihood of being obese. 
15 
 
 
Study Purpose 
Aim 1: Study ethnic group differences in obesity among Asian Americans in California from 
2013 to 2014.  
            We examined differences in obesity prevalence across ethnically diverse groups of Asian 
Americans in California from 2013 to 2014. In addition, we compared the obesity prevalence 
among Asian subgroups, non-Hispanic, Hispanics, Blacks, and Whites.  
Aim 2: Study geography disparities in obesity among Asian Americans in California from 2013 
to 2014.  
            We examined the association between geography (urban, second-city, suburban, and 
town/rural) and obesity after controlling for covariates.  
 
Aim 3: Study the influence of immigrant generation on obesity among Asian Americans in 
California from 2013 to 2014.  
            We investigated the characteristics of immigrant generation (e.g., 2nd generation and 3rd 
generation versus 1st generation) among Asian Americans in California. In addition, we defined a 
fourth group comprised of other race/ethnicities (Whites, Hispanics, and Blacks) to anchor 
obesity rates in Asian Americans within the broader Californian population.  
 
Literature Review 
Definitions of Adult Overweight and Obesity 
            Body composition measures include densitometry, single-cut imaging of the abdomen 
(e.g., using computed tomography scan or magnetic resonance imaging), skinfold thickness 
measurements, bioelectrical impedance, underwater weighing, dual energy x-ray absorptiometry 
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(DXA), and other methods (Freedman, Horlick, Berenson, 2013; Wohlfahrt-Veje, 2014); 
however, these methods  are mostly used for clinical research purposes. In contrast, body mass 
index (BMI) defined as the weight in kilograms divided by the height in meters squared (kg/m2) 
is the most widely used measure of obesity. This is because it has low cost and is simple to 
calculate. The World Health Organization (WHO) and the National Institutes of health (NIH) 
define overweight as having a BMI between 25.0 kg/m2 and 29.9 kg/m2, and obesity as having a 
BMI greater than or equal to 30.0 kg/m2 (Kumanyika, Obarzanek, Stettler, Bell, Field, Fortmann, 
et al., 2008; WHO, 2008). Table 1.1 provides definitions of adults’ weight status including 
overweight and obesity. 
 
Table 1.1 Defining Adult Overweight and Obesity 
BMI (kg/m2) Considered 
Below 18.5 Underweight 
18.5 to 24.9 Healthy weight 
25.0 to 29.9 Overweight 
30 or higher Obese 
  -30 to < 35 -Class 1 Obese 
  -35 to < 40 -Class 2 Obese 
  -40 or higher -Class 3 Obese 
(Class 3 obesity is sometimes categorized as “extreme” or “severe” 
obesity). 
Source: CDC. Defining adult overweight and obesity. 
https://www.cdc.gov/obesity/adult/defining.html 
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            A high BMI may indicate having high body fatness. At an individual level, however, 
BMI can be used as a screening tool but may not be used to diagnose the body fatness or the 
health of an individual. Although BMI is not a direct measure of body fat, it has been 
demonstrated to have moderate correlation with more direct measures of body fat such as DXA 
and underwater weighing (Freedman et al., 2013; Wohlfahrt-Veje, 2014). In addition, BMI has 
been reported to have strong correlations with a number of adverse health outcomes, which is 
also consistent with these more direct measures of body fatness (Flegal & Graubard, 2009; 
Lawlor, Benfield, Logue, Tilling, Howe, Fraser, et al., 2010; Steinberger, Jacobs, Raatz, Moran, 
Hong, Sinaiko, 2005; Sun, Van Dam, Spiegelman, Heymsfield, Willett, Hu, 2010). 
 
Definition of Obesity for Asians 
            Compared to Whites, BMI is consistently lower in Asians by about 2–3 kg/m2 for the 
same amount of body fat, age and sex. This is partly because of differences in body build and 
muscularity (Deurenberg, Deurenberg-Yap, Guricci, 2002). Furthermore, absolute or relative 
metabolic risk cannot be corresponded similarly in all ethnic groups using standard cut points for 
obesity (Pan, Flegal, Chang, Yeh, Yeh, Lee, 2004; Simmons, Williams, Powell, 1991; WHO, 
2004; WHO, International Association for the Study of Obesity, International Obesity Task 
Force, 2000). Due to such shortcomings of the BMI measure in Asian populations, in 2002, a 
WHO Expert Consultation panel proposed to lower BMI cut points for Asians, using all 
available data from Asian countries; for Asians, overweight was defined as a BMI of 23–27.5 
kg/m2 and obesity as a BMI of ≥27.5 kg/m2 (WHO, 2004). Due to the possibility that Asians 
living in their original countries may have very different nutritional and physical activity profiles 
than those who have immigrated to live in Western countries (e.g., the U.S.), whether these 
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international guidelines for Asians are appropriate for Asian Americans has been subject to 
discussion (Palaniappan, Wong, Shin, Fortmann, Lauderdale, 2011). 
            Although there was a debate on whether Asian specific BMI cut points could be used for 
all Asians worldwide particularly in Western countries (Low, Chin, Ma, Heng, Deurenberg-Yap, 
2009; Palaniappan et al., 2011; Pan & Yeh, 2008; Razak, Anand, Shannon, 2007; Stevens, 2003), 
a number of studies have been conducted for addressing this issue; these studies found that, 
compared to other racial/ethnic groups, Asian Americans have lower rates of overweight/obesity 
(Bates, Acevedo-Garcia, Alegria, Krieger, 2008; Ogden et al., 2013; Wang & Beydoun, 2007), 
but they have a higher risk of type 2 diabetes, hypertension, and associated metabolic 
abnormalities (Karter, Schillinger, Adams, Moffet., Liu, Adler, et al., 2013; King, McNeely, 
Thorpe, Mau, Ko, Liu, et al., 2012; Lee, Brancati, Yeh, 2011; Palaniappan et al., 2011; Wong, 
Chou, Sinha, Kamal, Ahmed, 2014). Thus, using standard BMI cut points to examine 
overweight/obesity among Asians American subgroups may underestimate its impact in these 
populations. Instead, applying the WHO Asian BMI cut points may have some benefits, e.g., 1) 
having better estimates of health conditions attributable to overweight/obesity (Karter et al., 2013; 
King et al., 2012; Palaniappan et al., 2011) and 2) having clinical utility to identify at-risk Asian 
Americans (Jih, Mukherjea, Vittinghoff, Nguyen, Tsoh, Fukuoka, et al., 2014).  
 
Epidemiology of Obesity Worldwide 
            Worldwide, the number of obese people (BMI >30 kg/m2) increased from approximately 
300 million people in 2008 (Kelly, Yang, Chen, Reynolds, He, 2008) to 671 million in 2013 (Ng, 
Fleming, Robinson, Thomson, Graetzn, Margono, et al., 2014); and the number of people who 
are overweight and obesity increased from 857 million in 1980 to 2.1 billion in 2013 (Ng et al., 
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2014). With regard to the prevalence of overweight and obesity, it has increased significantly 
worldwide, e.g., by 27.5% for adults between 1980 and 2013 (from 28% to 36% for men, and 
from 39% to 38% for women) (Finucane, Stevens, Cowan, Danaei, Lin, Paciorek, et al., 2011; 
Ng et al., 2014).  
            A number of reviews or systematic analyses have attempted to assess levels and trends of 
obesity (De Onis, Blössner, Borghi, 2010; Finucane et al., 2011; Ng et al., 2014; Prentice, 2006). 
In developed countries, the prevalence of overweight and obese was more prevalent in men than 
women, whereas in developing countries, it was more prevalent in women than in men; and this 
association persisted over time (Ng et al., 2014). The increasing rate of overweight and obesity 
was greatest from 1992 to 2002; although it has slowed down in the past decade (e.g., since 2006) 
especially in developed countries, the prevalence remains high (Ng et al., 2014). During the past 
three decades, the largest increases in obesity rates were in Egypt, Saudi Arabia, Oman, 
Honduras, and Bahrain for women; and in New Zealand, Bahrain, Kuwait, Saudi Arabia, and the 
U.S. for men (Ng et al., 2014).  
            Wide variations have been observed in the prevalence of obesity. In 2006, the epidemic 
of obesity has been reported in several but not all regions globally, with the highest rate in the 
Pacific Islands and the lowest rate in Asia. In general, the obesity rates are high in Europe and 
North America (Prentice, 2006). In 2008, it ranged from ≤1% obese (India) to up to 80% in some 
regions (the Pacific Islands) (WHO, 2008). A recent study systematically reviewed surveys, 
reports, and published studies (n=1,769), where the global prevalence of overweight and obesity 
for adults have been examined (Ng et al., 2014). According to this study, the estimated 
prevalence of adult obesity exceeded 50% in men in Tonga and in women in Kuwait, Kiribati, 
Federated States of Micronesia, Libya, Qatar, Tonga, and Samoa. In 2013, more than 50% of the 
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total of 671 million obese people lived in ten countries, including the U.S., China, India, Russia, 
Brazil, Mexico, Egypt, Germany, Pakistan, and Indonesia. The U.S. accounted for 13% of global 
obesity, and was among the top 15 countries according to increases in obesity for both sexes; 
while China and India jointly accounted for 15% (Ng et al., 2014).  
            On the other hand, according to WHO data, the prevalence of overweight and obesity 
were highest in the WHO Regions of the Americas (26% for obesity in both sexes) and lowest in 
the WHO Region of South East Asia (3% for obesity in both sexes) (Figure 1.1). In all WHO 
regions women were more likely to be obese than men. In the WHO regions of Africa, Eastern 
Mediterranean and South East Asia, women had approximately twice the obesity prevalence of 
that of men. When considering in terms of income level, it was reported that the prevalence of 
BMI increases with income level of countries up to upper middle income levels. For obesity, the 
difference more than triples from 7% obesity in both sexes in lower middle income countries to 
24% in upper middle income countries. Obesity prevalence was significantly higher in women 
than in men, with the exception of high income countries where it was similar. In low and lower 
middle income countries, obesity among women was approximately double that among men 
(WHO, 2016). 
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Figure 1.1 The prevalence of obesity for adults worldwide 
 
Source: WHO. Global Health Observatory (GHO) data for obesity situation and trends. Access 
2016 Oct 31. http://www.who.int/gho/ncd/risk_factors/obesity_text/en/  
Abbreviations: AFR, Africa Region; AMR, Americas Region; EMR, Eastern Mediterranean 
Region; EUR, Europe Region; SEAR, South East Asia Region; WPR: Western Pacific Region. 
 
 
Epidemiology of Obesity in the United States 
            In the U.S., obesity has reached epidemic proportions in the past few years. Although 
recent trend data indicate that the epidemic has leveled off, prevalence of abdominal obesity 
continues to rise, especially among adults (Bhupathiraju & Hu, 2016). According to a recent 
study, the prevalence of obesity was 36.5% among adults during 2011–2014 (Ogden, Carroll, 
Fryar, Flegal, 2015). Overall, the prevalence of obesity was highest in adults in middle-ages 40–
59 years (40.2%), followed by older ages 60 years and over (37.0%) and younger ages 20–39 
years (32.3%). The prevalence of obesity among women (38.3%) was higher than among men 
(34.3%). For adults aged 20–39 years and 40–59 years, the prevalence of obesity was higher 
among women than among men, but the difference between older women and men (≥60 years 
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old) was not significant. Among both sexes, the prevalence of obesity followed a similar pattern 
by age. More details can be found in Figure 1.2.  
 
 
Figure 1.2 Prevalence of obesity among adults (≥20) by sex and age, United States, 2011-2014 
1Significantly different from those aged 20-39 years. 
2Significantly different from women of the same age group. 
NOTE: All estimates are age-adjusted by the direct method to the 2000 U.S. census population 
using the age groups 20–39, 40–59, and 60 and over. Crude estimates are 36.5% for all, 34.5% 
for men, and 38.5% for women. 
Source: CDC/NCHS, National Health and Nutrition Examination Survey, 2011–2014.  
http://www.cdc.gov/nchs/images/databriefs/201-250/db219_fig1.png 
 
 
            In terms of race/ethnicity, the overall prevalence of obesity was highest among non-
Hispanic black (48.1%) adults, followed by Hispanic (42.5%), non-Hispanic white (34.5%), and 
non-Hispanic Asian adults (11.7%). All differences were significant. The pattern among women 
was similar to the pattern in the overall adult population (Figure 1.3). The prevalence of obesity 
among U.S. adults remains higher than the Healthy People 2020 goal of 30.5% (U.S. Department 
of Health and Human Services).   
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Figure 1.3 Prevalence of obesity among adults (≥20) by sex and race and Hispanic origin: 
United States, 2011–2014 
1Significantly different from non-Hispanic Asian persons. 
2Significantly different from non-Hispanic white persons. 
3Significantly different from Hispanic persons. 
4Significantly different from women of the same race and Hispanic origin. 
NOTE: All estimates are age-adjusted by the direct method to the 2000 U.S. census population 
using the age groups 20–39, 40–59, and 60 and over. 
Source: CDC/NCHS, National Health and Nutrition Examination Survey, 2011–2014. 
http://www.cdc.gov/nchs/images/databriefs/201-250/db219_fig2.png  
 
Epidemiology of Obesity in California  
            According to a recent report of obesity in California, some key findings are highlighted: 1) 
obesity in California is widespread, e.g., the prevalence of obesity among adults in California 
increased from 19% in 2001 to 25% in 2011-2012. However the prevalence varies by county, 
ranging from 11% in the county of San Francisco to 42% in Imperial County; 2) Obesity 
disproportionately affects vulnerable populations, e.g., 31% among those with income <200% of 
the Federal Poverty Level (FPL) versus 20% among people with income ≥400% FPL; 3) Health 
behaviors are associated with obesity in California, e.g., fast food consumption (≥2 times per 
week) was associated with higher likelihood of obesity; 4) Obesity is higher among adults who 
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lack access to affordable fruits and vegetables; 5) Neighborhood safety is linked with obesity and 
physical activity; and 6) Social cohesion is linked with obesity and physical activity (Wolstein et 
al., 2015).         
            Among California adults, the prevalence of obesity was higher among American Indians, 
African Americans, and Latinos than among whites, and the prevalence was lower among Asian 
Americans than whites. Although all racial/ethnic groups experienced increases in adult obesity 
prevalence between 2001 and 2011-2012, increases were statistically significant only among 
Latinos, Whites, African-Americans, and Asian Americans. This obesity report in California 
provides a number of important messages regarding obesity among adults in the State, but more 
comprehensive obesity research in addition to descriptive study among Asian Americans is 
warranted. 
 
Obesity and Asian Americans 
            In the U.S., the total population of Asian Americans grew by 46% from 2000 to 2010, 
constituting the largest increase of any major racial group during that period (U.S. Census 
Bureau, 2011). In 2014, there were 4.5 million Asians of Chinese descent from mainland in the 
U.S., which was the largest Asian group, followed by Asian Indians (3.8 million), Filipinos (3.8 
million), Vietnamese (2.0 million), Koreans (1.8 million) and Japanese (1.4 million) (U.S. 
Census Bureau, 2016). Asian Americans originate from the Far East, Southeast Asia, or the 
Indian subcontinent (U.S. Census Bureau, 2000).  
            Among Asian adults, Filipino adults (14%) were more than twice as likely to be obese as 
Asian Indian (6%), Vietnamese (5%), or Chinese adults (4%), and were 70% more likely to be 
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obese as compared to the overall Asian population (Table 1.2). On the other hand, about 1 in 10 
Vietnamese and Korean adults were underweight (Barnes et al., 2008). 
Table 1.2 Age-adjusted prevalence of obesity among U.S. adults (≥18), 2004–2006 
Population Obese Ratio Obese/ All Asian Population Ratio Obese / Whites 
All Whites 23.6 -- -- 
All Asians 8.1 -- 0.3 
Chinese 4.2 0.5 0.2 
Filipino 14.1 1.7 0.6 
Asian Indian 6.0 0.7 0.3 
Japanese 8.7 1.1 0.4 
Vietnamese 5.3 0.7 0.3 
Korean 2.8 0.3 0.1 
Other Asians 12.5 1.5 0.5 
Source:  Barnes, P.M., Adams, P.F., Powell-Griner, E, 2008. Health characteristics of the Asian 
adult population: United States, 2004-2006. http://www.cdc.gov/nchs/data/ad/ad394.pdf  
 
 
           In the U.S., there were 20.3 million Asian Americans in 2014, including 6.3 million in 
California. California has the largest Asian population in the U.S. (U.S. Census Bureau, 2016). 
Compared to 2001, obesity prevalence in 2011-2012 has increased among Chinese (3.8% versus 
6.1%), Japanese (9.0% versus 15.0%), Filipino (8.8% versus 18.7%), Vietnamese (3.4% versus 
6.8%), Southeast Asians (5.8% versus 19.7%), and multiple Asian groups (5.8% versus 12.3%). 
However, it has not changed significantly among Korean (1.5% versus 2.1%) and South Asians 
(8.5% vs. 7.0%). In 2011-2012, obesity prevalence varied considerably from 2% among Koreans 
to 20% among Southeast Asians.  
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Conceptual Frameworks 
The Theory of Planned Behavior  
            The Theory of Planned Behavior (TPB), an intrapersonal theory, is commonly used to 
predict behavioral intention and behavior (Ajzen, 1991). TPB extends the Theory of Reasoned 
Action (TRA) (Ajzen & Fishbein, 1980) with an assumption that not all behaviors are under 
voluntary control. To account for behaviors that were not necessarily under volitional control, 
perceived behavioral control (PBC) was added to TRA (Ajzen, 1991). Figure 6 shows the 
diagram of TPB. The TPB suggests that the best predictor of actual behavior is a person’s 
intention to perform the behavior, which is primarily determined by three independent constructs: 
attitude, subjective norms and perceived behavioral control (PBC) (Ajzen, 1991; Ajzen & Driver, 
1992). Some authors have added other constructs including social support to extend TPB as a 
predictor of intention and behavior (Courneya, Plotnikoff, Hotz, Birkett, 2000; Rhodes, Jones, 
Courneya, 2002).  
            Attitude towards a behavior (e.g., eating habit and physical activity) refers to whether an 
individual holds a positive or negative view of the health behavior under examination. Attitude 
includes beliefs, knowledge and values, and a determination of whether the outcomes of a 
behavior are positive or negative (Ajzen, 1991; Ajzen & Fishbein, 1980). In addition, attitude 
may be moderately associated with behavioral intention (Armitage & Conner, 2001). The second 
construct, subjective norms, is the perceived social pressure to perform a behavior. It refers to an 
individual’s beliefs about whether personally significant associates would approve or disapprove 
his/her behavior; it also refers to an individual’s motivation to comply with significant-others’ 
expectations (Ajzen & Fishbein, 1980). The third construct, PBC, refers to the amount of control 
an individual feels she or he has over performing a behavior; it has been considered to be 
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moderately predictive of behavioral intention. But, behavioral control may actually be different 
from PBC, because some behaviors are out of the control by an individual. Thus, it has been 
added in the framework in addition to PBC.  
            Actual behavioral control directly affects behavior and is generally considered to exert 
influence between behavioral intention and behavior within the TPB. For example, if the 
individual does not have access to physical activity opportunities because of a poor 
neighborhood environment (e.g., not safe), lack of built environment (i.e. gym, park, etc.), then 
an individual will not have actual behavioral control over physical activity. 
            TPB has been successfully used to explain a range of health-related behaviors including 
eating behavior and physical activity level (de Bruijn, Kroeze, Oenema, Brug, 2008) and weight 
control (Palmeira, Teixeira, Branco, Martins, Minderico, Barata, et al., 2007). The most 
immediate cause of obesity is an imbalance of energy intake and energy expenditure. Eating and 
physical activity are key determinants of obesity. It is hypothesized that through influencing the 
components of the TPB (attitude, subjective norms, and PBC), body perception, and peer support, 
interventions are expected to improve eating behavior, increase physical activity, and lead to 
healthier body weight (Figure 1.4). 
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Figure 1.4 Diagram of Theory of Planned Behavior 
Note: Direct effect indicated by arrow (→) 
 
           Limitations of applying TBP to address obesity issues have been discussed in the 
literature. Although many behaviors may be largely influenced by emotion, it is not necessarily a 
drawback for predicting these behaviors, contrary to some complaints (Dutta-Bergman, 2005). 
Strong emotions are relevant to TBP due to its impact on beliefs and other constructs in this 
model. Previous studies’ poor predictability for health-related behavior is probably due to poor 
application of the model, associated methods and measures (Sniehotta, 2009). 
            Historically, obesity research has been conducted within individual disciplines. Now, for 
both scientific inquiry and for public policies, obesity should be framed as a complex system in 
which behavior is affected by multiple individual-level factors and socioenvironmental factors 
(i.e., factors related to the food, physical, cultural, or economic environments that enable or 
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constrain human behavior, or both). These factors are heterogeneous and interdependent, and 
they interact dynamically (Huang & Horlick, 2007), which cannot be adequately addressed by 
TPB. The essential elements of a multilevel framework are framing obesity as a complex 
systems problem and building capacity for multilevel research and action (Huang, Drewnosksi, 
Kumanyika, Glass, 2009).  
 
Social Ecological Model  
            The social ecologic model identifies the interrelationships that exist between behaviors at 
the social level and health (Simons-Morten, McLeroy, Wendel, 2012). The social ecology model 
is a framework that analyzes the complex impact of social factors (e.g., the various individual 
factors, relationship, community, and societal factors) and how they influence one another at 
different social levels (CDC, 2013). Social Ecological Model includes the following levels of 
influence: individual, interpersonal, institutions and organizations, community, and structures 
and systems (CDC, 2013). A dynamic interplay between these levels can determine health status 
(Simons-Morten et al., 2012).  
            To better identify and understand the predictors of obesity, it is necessary to look beyond 
individual-level behaviors and examine social and environmental influences that interact and 
impact individual behavior (NIH, 2005). It is appropriate to use this model as a theoretical 
framework for the proposed study, because it will not only help identify social and 
environmental risk factors that increase the vulnerability of the Asian immigrant population to 
obesity, but also provide useful information for strategic interventions that address these risk 
factors (Figure 1.5). 
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Figure 1.5 Social Ecological Model 
Source: U.S. CDC, 2013. http://www.cdc.gov/nccdphp/dnpao/state-local-programs/health-
equity/framing-the-issue.html 
 
            In addition, the concept of current popularly used multilevel models for obesity research 
stems from socioecological theories, which emphasizes the importance of social and 
environmental factors in determining human behavior and health outcomes (McLeroy, Bibeau, 
Steckler, Glanz, 1988). Glass and McAtee presented a multilevel model that is useful to address 
the complex, interacting contexts for obesity prevention (Glass & McAtee, 2006). It is essential 
to integrate biological (e.g., genetics) and socioenvironmental (e.g., economics, culture, physical 
environment) influences on behaviors such as eating and physical activity.  
 
Major Determinants of Obesity  
            The major determinants of obesity are complex, interacting with environment, especially 
related to eating behaviors, family-work culture and practices, socio-economic status, geography, 
and public policy. There is also increasing evidence of important interactions between our 
environment and our genes (Dixon, 2010). The overall objective of this study is to analyze the 
CHIS to better understand obesity and identify related determinants for helping the development 
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of interventions to address obesity among Asian Americans. The proposed study will focus on 
examining three important characteristics (i.e., race/ethnicity, geography, and immigrant 
generation) and obesity among Asian Americans in California.  
 
            Genetics and obesity. An early study proposed that genes predisposed to obesity make 
people more likely to experience starvation, which is called the ‘thrifty gene’ hypothesis (Neel, 
1962). If people with such genes live in an obesogenic environment, they would have a higher 
risk of developing extreme obesity (Walley, Blakemore, Froguel, 2006). Obesogenic 
environment refers to an environment that promotes gaining weight and one that is not conducive 
to weight loss within the home or workplace (Swinburn, Eggar, Raza, 1999). Examples can be 
seen in some groups with high risk, such as Pima Indians and Pacific Islanders (Diamond, 2003). 
In addition, compared with Whites in the U.S., disproportionate level of obesity has been 
observed in African-Americans and Hispanic-Americans (Ogden et al., 2014). Obesity has a trait 
of high heritability, typically >0.70 (Voight, Kudaravalli, Wen, Pritchard, 2006), which are 
significantly higher than that of other complex traits such as hypertension (0.29) (Agarwal, 
Williams, Fisher, 2005) and depression (0.50) (Hamet & Tremblay, 2005).  
 
            Sex and obesity. A recent review shows that the global prevalence of overweight and 
obesity among men and women varies considerably by countries. Overall, there are more obese 
women than men. In developing countries (e.g., in the Middle East and North Africa), such 
disparities are exacerbated among women; while in developed countries, more men than women 
are overweight (Kanter & Caballero, 2012). In the U.S., there was no difference in overall 
obesity prevalence by sex in 2011-2012. However, sex difference in obesity is observed among 
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non-Hispanic black adults (56.6% for women versus 37.1% for men) (Ogden et al., 2013). 
Obesity can be caused by biological and social characteristics, which may be very different in 
men and women (Christakis & Fowler, 2007; Wardle, Haase, Steptoe, Nillapun, Jonwutiwes, 
Bellise, 2004; Yang, Kelly, He, 2007). In women, for example, fat distribution can be affected by 
the biological factor of menopause, which may be associated with negative effects of obesity on 
health (Regitz-Zagrosek, Lehmkuhl, Mahmoodzadeh, 2007). With regard to social factors, 
women consume more often healthier foods than men, but may also intake more sugar-laden 
foods. Acculturation is an important social characteristic that influences weight gain among both 
sexes. In many developing countries, the nutrition transition has also contributed to weight gain 
in both sexes, but plays a more important role in physical activity in women. Additionally, 
cultural values vary by countries, with some countries favoring larger body size as a sign of 
fertility, healthfulness, or prosperity. In the future, more research on sex disparities in obesity is 
warranted to help understand the obesity pandemic in the world (Kanter & Caballero, 2012). 
 
            Race/ethnicity and obesity. Obesity affects some groups more than others. In the U.S., 
Non-Hispanic blacks have the highest age-adjusted rates of obesity (48.1%), followed by 
Hispanics (42.5%), non-Hispanic whites (34.5%), and non-Hispanic Asians (11.7%) (Ogden et 
al., 2014). In California, racial and ethnic differences in BMI were also observed among adults 
for both sexes (Lee, 2006). Lee (2006) examined racial/ethnic disparities in obesity among adults 
in California using the 2003 CHIS, which focused on four main racial/ethnic groups: non-
Hispanic whites, non-Hispanic blacks, Hispanics, and non-Hispanic Asians. Among both sexes, 
the prevalence of obesity was highest in blacks, followed by Hispanics, Whites, and Asians. The 
reasons that explain racial/ethnic differences in obesity may be related to a number of factors that 
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are correlated with both race/ethnicity and BMI, e.g., different SES, demographic characteristics, 
and behavioral factors (Lee, 2006; Reyes, 2001). For example, Hispanics in California have 
lower educational attainment and higher poverty concentrations than other ethnic groups; Blacks 
have higher poverty rates than whites and more than a third have not attended college, and they 
are more likely than other groups to report no walking (Lee, 2006). However, why Asian 
Americans have lower BMI than whites with adjustment for covariates remains unclear (Lee, 
2006). The sex and racial/ethnic disparities have been examined in a number of studies (Chang & 
Christakis, 2005; Flegal et al., 2002), with the exception of these investigations for Asians. 
Therefore, evidence is very limited for obesity research among Asian Americans. Among the 
few studies, most of them used large, multiracial samples, and therefore may not be 
generalizable to Asian Americans. Due to lack of data or small sample for Asians in most studies 
of obesity or BMI, Asian Americans were always excluded, or when they were included, they 
played a small role in study results due to small numbers of participants (Cook, Tseng, Bautista, 
John, 2016; Lee, 2006). 
            However, Asian Americans are better to be not simply treated as one group because they 
are highly diverse in, e.g., 1) representing over 20 national origins in the U.S. alone (Zhou & 
Xiong, 2005), and 2) having pronounced socioeconomic disparities across ethnic groups, with 
some ethnic groups (such as Asian Indian, Filipino, and Chinese, mostly large and more-
established) having incomes and educational levels far exceeding national averages, while others 
(like the Hmong, Cambodian, and Vietnamese) having the lowest income and education levels in 
the U.S. (Cook et al., 2011). Furthermore, the prevalence of adult health conditions (e.g., 
metabolic syndrome, cardiovascular diseases, and type 2 diabetes) (Palaniappan et al., 2011; 
Wang, Quan, Kanaya, Fernandez, 2011; Staimez, Weber, Narayan, Oza-Frank, 2013) also varies 
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across Asian ethnic groups. Due to such diversity in multiple dimensions that may have 
important implications for obesity, it is important to identify subgroups of Asian Americans at 
high risk of obesity to help develop targeted interventions for those subgroups. Thus, overall, 
limited evidence exists in the current literature. 
 
            Socioeconomic status (SES) and obesity. A study examined the association between 
SES and obesity using data from 67 countries (Pampel, Denney, Krueger, 2012). It is 
interesting to note that the association was positive in lower-income countries, but negative 
in high-income countries. The reasons may be that in lower-income countries people with 
higher SES are more likely to intake high-calorie food and less likely to have physically 
tough tasks. While in higher-income countries people with higher SES may more often 
consume healthy food and regularly exercise. In the U.S., some earlier studies have shown a 
relationship between obesity prevalence and SES measured as income or educational level 
(Sobal & Stunkard, 1989; McLaren, 2007). Individuals with lower income and/or education 
levels are disproportionately more likely to be obese (e.g., 33% of adults with less than $15,000 
per year versus 24.6% of those with at least $50,000 per year; 33% of adults who did not 
graduate from high school versus 21.5% of those who graduated from college or technical 
college) (Trust for America's Health and Robert Wood Johnson Foundation, 2011). Using more 
recent national representative data, some key finding have been observed for the association 
between obesity and SES in adults: 1) among all men, obesity prevalence is generally similar at 
all income levels, however, among non-Hispanic black and Mexican-American men those with 
higher income are more likely to be obese than those with low income, 2) higher income women 
are less likely to be obese than low income women, but most obese women are not low income, 
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and 3) there is no significant trend between obesity and education among men, but obesity 
prevalence increases as education decreases among women (Odgen, Lamb, Carroll, Flegal, 2010). 
 
            Physical activity and obesity.  Physical activity and sedentary behavior have been 
confirmed to contribute to the risks of obesity and metabolic impairments (Healy, Dunstan, 
Salmon, Cerin, Shaw, Zimmer, Owen, 2008). However, the percentage of people working in 
high-activity occupation decreased from 30% in 1950 to 22% in 2000. In contrast, the percentage 
of people working in low-activity occupations increased from about 23% to 41%. With regard to 
the percentage of people driving cars to work, it increased from 67% in 1960 to 88% in 2000, 
while walking and taking public transit to work decreased (Brownson, Boehmer, Luke, 2005). 
The 2008 Physical Activity Guidelines for Americans provide definitive public health 
recommendations for physical activity, which recommends that adults obtain at least 150 
minutes/week of moderate-intensity physical activity (MPA), 75 minutes/week of vigorous-
intensity physical activity (VPA), or a combination of moderate and vigorous physical activity 
(MVPA) (USDHHS, 2008). Physical activity prevents obesity, because it 1) increases total 
energy expenditure to stay in energy balance or even lose weight, 2) decreases fat around the 
waist and total body fat, reducing the risk of developing abdominal obesity, 3) helps build 
muscle mass through weight lifting, push-ups, and other muscle-strengthening activities, and 4) 
lowers risk of depression and anxiety (U.S. Department of Health and Human Services). 
 
            Marital status and obesity. Marital status has been suggested to affect short- and long-
term demands in many ways that may influence weight change. In general, the married would 
gain more weight over time than the unmarried (Sobal & Nelson, 2003; Umberson, Liu, Powers, 
36 
 
 
2009). This is because individuals who are married are more likely to eat more when eating with 
other people (de Castro, 2002), or eat more frequent and regular intervals when having a partner 
(Jeffrey & Rick 2002). In addition, they are likely subjected to greater regulation of health 
behavior (e.g., probability of smoking is lower in the married than the unmarried) (Umberson, 
1992). Furthermore, the marital status is associated with economic resources (Waite 1995), 
which contribute to obesity risk (Baltrus, Lynch, Everson-Rose, Raghunathan, Kaplan, 2005).  
 
            Immigration generation and obesity. The diversity in the U.S. population continues to 
increase over the years. Immigrants in the U.S. were projected to represent one in every five 
residents by year 2050 (Oza-Frank & Narayan, 2010). This changing demography has been 
associated with an increase in overweight, obesity, and other related chronic diseases such as 
diabetes in the U.S. (Oza-Frank & Narayan, 2010; Singh, Siahpush, Hiatt, Timsina, 2011). 
Compared to their counterparts in their native countries, individuals who migrate from low or 
medium income countries to high income countries have increased susceptibility to obesity 
(Delavari, Sønderlund, Swinburn, Mellor, Renzaho, 2013). Compared to native-born 
counterparts, female immigrants to the U.S. were observed to have a 10% increased likelihood of 
being obese at the point of migration (Averett, Argys, Kohn, 2012). Usually, after migration 10-
15 years, there is a significant increase in obesity rate among immigrants (Bodea, Garrow, Meyer, 
Ross, 2009; Delavari et al., 2013).  
            To date, there is very limited research examining the influence of immigrant generation 
on obesity among Asian Americans. It is, therefore, important to identify the factors propelling 
the increase of obesity rate in this population, in order to effectively combat and prevent obesity 
(Desir, 2015). 
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            Geography and obesity. Geography disparities exist in obesity and its related conditions. 
The burdens of obesity are higher in the U.S. southern states than northern states (Jackson, 
Doescher, Jerant, Hart, 2005). About 70 million people live in rural areas, accounting for 23% of 
the U.S. population (U.S. Census Bureau, 2008). Compared with urban counterparts, rural 
population have higher rates of preventable conditions such as obesity and its conditions (e.g., 
diabetes) as well as higher prevalence of all-cause mortality (Eberhardt, Ingram, Makuc, 2001; 
Cossman, James, Cosby, Cossman, 2010), which can be likely explained by its higher rates of 
related high-risk health behaviors (e.g., smoking, physical inactivity, poor diet) (Befort, Nazir, 
Perri, 2012; Eberhardt & Pamuk, 2004; Hartley, 2004) and passive transportation means 
(Miranda, Gilman, Garcia, Smeeth, 2009). These geographic health disparities may be mainly 
caused by rural-urban differences in obesity. A recent study, which used measured height and 
weight in a nationally representative sample to examine the rural-urban differences in behavioral 
determinants of obesity and the independent effects of demographic and behavioral determinants 
among rural versus urban adults, concluded that obesity is markedly higher among rural adults 
than urban adults in the U.S. (39.6% versus 33.4%, respectively) and suggested to pay greater 
attention to obesity in rural America (Befort et al., 2012). To date, literature regarding geography 
and obesity among Asian Americans is very limited.  
 
Obesity and Health Outcomes 
            Obesity is associated with increased risk for a number of chronic diseases, including 
diabetes, hypertension, heart disease, stroke, impaired quality of life, psychosocial disturbance, 
and limited access to quality care (Dixon, 2010; Field, Coakley, Must, Spadano, Laord, Dietz, et 
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al., 2001). The relative risk of some of the comorbidities, conditions and risks associated with 
obesity can be seen in Table 1.3. 
 
Table 1.3 The relative risk of some of the comorbidities, conditions and risks associated with 
obesity 
Relative risk >5  Relative risk 2-5 Relative risk 1-2 
Type-2 diabetes, dyslipidemia, 
obstructive sleep apnea, 
breathlessness, excessive 
daytime sleepiness, obesity 
hypoventilation syndrome, 
idiopathic intracranial 
hypertension, nonalcoholic 
steatohepatitis 
All-cause mortality, 
hypertension, myocardial 
infarction and stroke, 
endometrial carcinoma in 
women and  hepatoma in men, 
gallstones and complications, 
cancer, polycystic ovary 
syndrome, osteoarthritis 
(knees), gout 
Cancer mortality, breast cancer, 
prostate and colon cancer in men, 
impaired fertility, obstetric 
complications, fetal abnormalities, 
asthma, gastroesophageal reflux, 
anesthetic risk 
 
Resource: Dixon J. The effect of obesity on health outcomes. Mol Cell Endocrinol. 2010; 
316(2):104-108. 
 
Obesity Management and Treatment 
            Due to high prevalence of obesity among U.S. adults, obesity management and treatment 
is important. Successful treatments for losing weight need to change lifestyle, or to take 
medicines and weight-loss surgery if lifestyle changes are not enough. Lifestyle changes through 
which long-term weight-loss success is likely to be achieved include reducing calories intake 
from food and drink, increasing physical activity, following a healthy eating plan, and learning 
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how to form healthy lifestyle habits. Weight-loss medicines approved by the U.S. Food and Drug 
Administration include Sibutramine (Meridia®) (taken off the market in the U.S. due to potential 
increased risk of heart attack and stroke), Orlistat (Xenical® and Alli®), Lorcaserin 
Hydrochloride (Belviq®) and Qsymia™. Weight-loss surgery might be considered if people are 
extremely obese (BMI of 40 or more) when other treatments cannot work. Two common weight-
loss surgeries include banded gastroplasty and Roux-en-Y gastric bypass. With regard to weight-
loss maintenance, weight loss can be considered to be successful if 1) at least 10% of the initial 
weight was lost, 2) no more than 6 or 7 pounds was regained in two years, and 3) keeping a 
lower waist circumference (e.g., at least 2 inches lower than waist circumference before losing 
weight) (U.S. Department of Health and Human Services, 2012). 
 
Obesity Policy Recommendations 
            Public health policy could be a powerful tool to advance evidence-informed interventions 
to address obesity epidemic in the U.S. Since the Surgeon General’s call to action in 2001 
(Office of the Surgeon General, 2001), more and more efforts nationwide, including state 
legislative efforts, have been conducted to address the obesity epidemic in the U.S. Since 2001, 
states have introduced approximately 4,000 bills of legislative actions for physical activity, 
nutrition and obesity issues, which include topics of breastfeeding, school nutrition, television 
time, access to healthy foods, access to drinking water, and so on (Chan, 2013).  
            Strategies to reduce and prevent obesity include a variety of initiatives to promote 
physical activity and healthy nutrition by federal level agencies and programs, including the U.S. 
Department of Agriculture (USDA), and U.S. Department of Education, U.S. Environmental 
Protection Agency (EPA). For example, USDA’s efforts include nutritional advice and guidance, 
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nutrition assistance programs, food and obesity education campaigns, distribution of food 
products to schools, and oversight and protection of the nation’s agricultural and dairy markets 
(Chan, 2013).  
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CHAPTER 2 
ETHNIC GROUP DIFFERENCES IN OBESITY IN ASIAN AMERICANS IN CALIFORNIA, 
2013-2014 
Abstract 
Objective: Obesity has been generally understudied in Asian Americans. The aim of the study 
was to examine the disparities in obesity among Asians (i.e., Chinese, Filipino, Japanese, Korean, 
and Vietnamese) living in the United States. 
Methods: The study population comprised a sample of (n = 3,810) Asian American adults aged 
18 years or older from the 2013 and 2014 California Health Interview Survey (CHIS). BMI was 
calculated using self-reported height and weight. Weight status was determined using the WHO 
Asian BMI cut points in 4 categories: <18.5 kg/m2 (underweight), 18.5–22.9 kg/m2 (normal 
weight), 23–27.5 kg/m2 (overweight), and ≥27.5 kg/m2 (obese). Descriptive analyses were used 
to examine the prevalence of obesity. Weighted multiple logistic regression analyses were used 
to examine the association between race/ethnicity and obesity for Asians. 
Results: Overall, the prevalence of Asians was 23.3% for obesity and 40.0% for overweight. The 
obesity prevalence was higher in Asians who were males, aged 45-64 years old, had higher 
family income, were current smokers, never got married, had lower education level, had an 
insufficient level of physical activity, and had more frequent consumption of fast foods. After 
adjusting for other factors, compared to Whites, being Hispanics and Blacks were associated 
with higher prevalence of obesity (Odds Ratio (OR)=1.47, 95% confidence interval (CI)=1.31-
1.65; OR=2.04, 95% CI=1.65-2.53, respectively); being Chinese, Korean, and Vietnamese were 
associated with lower prevalence of obesity (OR=0.28, 95% CI=0.18-0.45; OR=0.14, 95% 
CI=0.04-0.46; OR=0.28, 95% CI=0.14-0.58, respectively). Compared to Chinese, being Japanese 
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and Filipino were associated with higher prevalence of obesity (OR=2.75, 95% CI=1.52-4.95; 
OR=2.90, 95% CI=1.87-4.49, respectively).  
Conclusion: The prevalence of adult obesity was high among Asian Americans in California. 
Ethnic/racial disparities in obesity among Asian Americans in California were observed in 2013-
2014. Compared to Whites, being Chinese, Korean, Vietnamese were associated with lower 
prevalence of obesity. Among Asians, compared to Chinese, being Japanese and being Filipino 
were associated with higher prevalence of obesity. These findings can help design better 
interventions to reduce racial and ethnic disparities in obesity, especially for Asian Americans 
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Introduction 
            Research at the national level in the United States (U.S.) has showed a significant 
increase in obesity prevalence, particularly over the past two decades (Flegal, Kruszon-Moran, 
Carrol, Fryar, Ogden, 2016). In California, the prevalence of adult obesity has increased by 31.6% 
from 2001 (19%) to 2011-2012 (25%) (Wolstein et al., 2015). Obesity has been identified as a 
major risk factor for multiple chronic conditions, including hypertension, diabetes mellitus, 
dyslipidemia, and ischemic heart disease (Griffith, Johnson-Lawrence, Gunter, Neighbors, 2001; 
Malnick & Knobler, 2006). However, considering only overall population and trends likely mask 
important variation among racial/ethnic subgroups. The small but growing body of research 
examining obesity among minority groups indicates that the prevalence and influence of obesity 
vary considerably according to different races/ethnicities (Kelly, Yang, Chen, 2015).  
            Obesity affects some groups more than others. In the U.S., Non-Hispanic blacks have the 
highest age-adjusted rates of obesity (48.1%), followed by Hispanics (42.5%), non-Hispanic 
whites (34.5%), and non-Hispanic Asians (11.7%) (Ogden et al., 2014). In California, racial and 
ethnic differences in body mass index (BMI) were also observed among adults for both sexes 
(Lee, 2006). The reasons accounting for racial/ethnic differences in obesity have been explored 
and have focused on the important roles of different socioeconomic, demographic, and 
behavioral profiles (Reyes, 2001). For example, Blacks and Hispanics in California tend to have 
higher poverty rates and lower levels of educational attainment than whites. However, the reason 
as to why Asians have lower BMI rates than whites with adjustment for covariates remains 
unclear (Lee, 2006). A number of studies have examined the sex and racial/ethnic disparities in 
obesity (Chang & Christakis, 2005; Flegal et al., 2002). However, evidence is very limited with 
regard to differences in obesity rates among Asian Americans; further most of the few existing 
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studies used large, multiracial samples, and therefore may not be generalizable to Asian 
Americans (Yi et al., 2015). Due to lack of data or small sample sizes for Asians in most studies 
of obesity or BMI, Asian Americans were often excluded, or when they were included, they 
played a small role in study results (Cook et al., 2016; Lee, 2006). 
            However, Asian Americans are better not to simply be treated as one group because they 
are highly diverse in, e.g., 1) representing over 20 national origins in the U.S. alone (Zhou & 
Xiong, 2005), and 2) having pronounced socioeconomic disparities across ethnic groups, with 
some ethnic groups (such as Asian Indian, Filipino, and Chinese, mostly large and more-
established) having incomes and educational levels far exceeding national averages, while others 
(like the Hmong, Cambodian, and Vietnamese) having the lowest income and education levels in 
the U.S. (Cook et al., 2011). Furthermore, the prevalence of adult health conditions (e.g., 
metabolic syndrome, cardiovascular diseases, and type 2 diabetes) (Palaniappan et al., 2011; 
Wang et al., 2011; Staimez et al., 2013) varies across Asian ethnic groups. Because of such 
diversity in multiple dimensions related to obesity, it is important to identify subgroups of Asian 
Americans at high risk of obesity to help develop targeted interventions for those subgroups.            
To address the above-mentioned gaps in the literature, we examined the disparities in the 
patterning of obesity among Asians (e.g., Chinese, Filipino, Japanese, Korean, and Vietnamese). 
We also brought insight into the role of a number of characteristics (e.g., age, sex, family income, 
marital status, education level, physical activity, and fast food consumption) in predicting obesity 
among Asian Americans. These differences pose particular policy challenges in California given 
the size and diversity of the Asian population. Understanding these disparities and the 
determinants of obesity is important for designing and choosing among various public health 
strategies that seek to target resources broadly and toward those most at risk. 
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Methods 
Participants 
            A sample (n=3,810) of Asian American adults ages 18 years or older was obtained from 
the California Health Interview Survey (CHIS) with data pooled from the 2013-2014 survey 
years. The CHIS is the largest state health survey in the U.S., covering a broad range of social 
and environmental factors that may affect health. It is a biennial survey of households conducted 
since 2001, using a county-based, stratified sampling design to represent California's non-
institutionalized residents. The CHIS has used a landline sample administered through a 
Computer-Assisted Telephone Interview system with random-digit dialing. Since 2007, CHIS 
has also included a statewide cell phone sample. In addition to English and Spanish, CHIS is 
administered in four Asian languages: Cantonese, Mandarin, Korean, and Vietnamese. 
 
Study variables 
Obesity 
            BMI was calculated using self-reported height and weight. In order to account for racial 
differences in body fat percentage at the same BMI level, we examined overweight and obesity 
using the WHO Asian BMI cut points in Asian groups as 4 categories: <18.5 kg/m2 
(underweight), 18.5–22.9 kg/m2 (normal weight), 23–27.5 kg/m2 (overweight), and ≥27.5 kg/m2 
(obese) (WHO, 2004).  
 
Race/ethnicity 
            We used the self-reported Asian ethnicity variable constructed by CHIS, which includes 
five categories: Chinese (including Taiwanese), Japanese, Korean, Filipino, and Vietnamese. 
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Covariates 
            Age was treated as a continuous variable. Sex was treated as a categorical variable. 
Family income was reported by the adult respondent, usually a parent, and was examined as a 
percentage of the federal poverty level (FPL), which adjusts for total household income and 
number of members in the household. Family income was categorized as below 100%, 100% to 
299%, or 300% and above of the FPL. Smoking status was defined as current smoker or not 
current smoker. Marital status was defined as married, never married, or other. Education 
attainment included three categories as high school, college, or graduate. Physical activity was 
defined as “walking at least 10 minutes for leisure past 7 days” or “walking at least 10 minutes 
for transport past 7 days”. Healthy diet was determined by response to the following question: 
“how often find fresh fruit/vegetable in neighborhood?” Response categories included: never, 
sometimes or usually, and always (UCLA, 2016).  
 
Statistical analysis 
            The prevalence of weight status (underweight, normal weight, overweight, and obesity) 
was examined according to race/ethnicity (Chinese, Filipino, Japanese, Korean, Vietnamese, 
Whites, Hispanics, Blacks, and other races) and sex. Demographic and lifestyle characteristics 
was examined among Californian Asians (i.e., overall, Chinese, Korean, Japanese, Filipino, and 
Vietnamese). Multiple logistic regressions were used to examine the race/ethnicity and obesity 
for Asians from different subgroups stratified by sex. Additionally, we used multiple logistic 
regression analyses to examine the association between race/ethnicity and obesity among Asian 
Americans. Variables with P values significant at 0.2 in univariate analyses were included in the 
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final multiple logistic regression models. SAS version 9.4 (SAS institute, Cary, NC) was used for 
analysis and computation of weighted estimates for projection to the California population. 
 
Results 
            Table 1 shows weighted prevalence of weight status in Californian adults by sex and 
race/ethnicity from 2013-2014. Overall, the prevalence of obesity was 11.1%, 24.8%, 33.5%, 
38.0%, and 36.0% for Asians (using standard cut points), Whites, Hispanics, Blacks, and other 
races, respectively; the prevalence of overweight was 32.6%, 36.1%, 39.0%, 33.1%, and 37.1% 
for Asians (using standard cut points), Whites, Hispanics, Blacks, and other races, respectively. 
Using WHO Asian cut points for obesity, 23.3% of Asians were identified to be obese and 40.0% 
overweight; these prevalence estimates are much higher than those using standard cut points. 
Regardless of using either cut points for obesity, male Asians had a higher prevalence than 
female Asians (13.4% vs. 9.0%, standard cut points; 28.0% vs. 19.2%, WHO Asian cut points; 
respectively, both p<0.05). Among males, the prevalence of obesity was highest among other 
races (37.5%), followed by Hispanics (34.8%), Blacks (34.0%), and Asians (28.0%; WHO Asian 
cut points), and Whites (25.2%) (p<0.0001). Among females, the prevalence of obesity was 
highest among Blacks (41.6%), followed by other races (33.4%), Hispanics (32.1%), Whites 
(24.5%), and Asians (19.2%; WHO Asian cut points) (p<0.0001). 
 
Table 2.1 Weighted prevalence of weight status in U.S. adults by sex and race/ethnicity, CHIS 
2013-2014 (n=40,240) 
 Weighted prevalence by weight status, n (%)  
 Underweight Normal 
weight 
Overweight Obesity  P-value 
Asians       
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(standard BMI 
cut points) 
  Both sexes 136 (2.5) 2154 (53.8) 1166 (32.6) 354 (11.1) <0.0001 
  Males 29 (0.9) 834 (44.4) 637 (41.3) 173 (13.4) <0.0001 
  Females 107 (4.0) 1320 (62.1) 529 (24.9) 181 (9.0) 
Asians (WHO 
Asian BMI cut 
points) 
     
  Both sexes 131 (2.4) 1371 (34.3) 1530 (40.0) 778 (23.3) <0.0001 
  Males 29 (0.9) 446 (22.3) 817 (48.9) 381 (28.0) <0.0001 
  Females 102 (3.7) 925 (44.9) 713 (32.2) 397 (19.2) 
Whites       
  Both sexes 470 (1.4) 11335 (37.6) 10935 (36.1) 7865 (24.8) <0.0001 
  Males 99 (0.9) 3692 (32.3) 5246 (41.6) 3234 (25.2) <0.0001 
  Females 371 (1.9) 7643 (42.5) 5689 (31.3) 4631 (24.5) 
Hispanics      
  Both sexes 84 (0.8) 2094 (26.7) 2991 (39.0) 2827 (33.5) <0.0001 
  Males 29 (0.7) 692 (22.3) 1375 (42.2) 1128 (34.8) <0.0001 
  Females 55 (1.0) 1402 (30.9) 1616 (35.9) 1699 (32.1) 
Blacks       
  Both sexes 29 (1.4) 525 (27.5) 749 (33.1) 775 (38.0) <0.0001 
  Males 12 (1.2) 194 (26.4) 320 (38.3) 272 (34.0) 0.0899 
  Females 17 (1.6) 331 (28.4) 429 (28.4) 503 (41.6) 
Other races      
  Both sexes 34 (0.5) 888 (26.5) 1296 (37.1) 1263 (36.0) <0.0001 
  Males 14 (0.4) 324 (22.0) 638 (40.1) 550 (37.5) 0.0002 
  Females 20 (0.6) 564 (31.8) 658 (33.4) 731 (33.4) 
Notes: WHO Asians BMI cut points were used for obesity among Asian Groups. Standard BMI 
cut off points were used for obesity among Whites, Hispanics, and Blacks. 
 
            The demographic and lifestyle characteristics among Californian Asians with obesity are 
described in Table 2. Overall, the obesity prevalence was higher in Asians who were males 
(p=0.0012), and were 45-64 year old (p=0.0054). Among Koreans, and Filipinos, males had 
higher obesity prevalence than females (20.7 vs. 6.7%, p=0.0071; 43.7% vs. 24.5%, p=0.0022, 
respectively). The highest prevalence of obesity was observed in age group 45-64 years old 
among Filipinos and Vietnamese as compared to that in age groups 18-44 years and 65 years or 
above (39.5% vs. 35.8% and 15.0%, p=0.0063; 30.3% vs. 7.8% and 21.4%, p=0.0017, 
respectively). For smoking status, Japanese had lower obesity prevalence in those who were 
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current smokers than those who were not (7.4% vs. 27.5%, p=0.0114). For marital status, 
compared to “other marital patterns” and “never married”, the prevalence of obesity for those 
who were married was highest among Vietnamese (12.9% and 8.8% vs. 23.8%, p=0.0144). 
Obesity prevalence was lower in those with physical activity than those without physical activity 
in Vietnamese (13.7% vs. 32.5%, p=0.0492). The prevalence of obesity was particularly high in 
Chinese who consumed more frequent fast food (31.2% for ≥3 times, 17.1% for 1-2 times, and 
12.8% for never, p=0.0046). 
 
Table 2.2 Demographic and lifestyle characteristics among Californian Asians with obesity, 
CHIS 2013-2014 (n=3,810) 
 All Asians Chinese Korean Japanese Filipino Vietnamese 
Sex, n (%)       
  Male 381 (28.0) 84 (21.1) 28 (20.7) 75 (34.5) 98 (43.7) 32 (15.4) 
  Female 397 (19.2) 96 (14.3) 32 (6.7) 78 (21.5) 99 (24.5) 41 (20.2) 
  P-value 0.0012 0.1025 0.0071 0.0754 0.0022 0.5324 
Age        
  18-44 years  234 (22.8) 56 (17.8) 12 (15.0) 26 (21.6) 74 (35.8) 10 (7.8) 
  45-64 years 327 (27.4) 84 (17.0) 19 (9.8) 70 (31.0) 81 (39.5) 29 (30.3) 
  65 years or above 217 (16.1) 40 (15.1) 29 (11.4) 57 (28.3) 42 (15.0) 34 (21.4) 
  P-value 0.0054 0.9100 0.6487 0.7584 0.0063 0.0017 
Family income, n (%)       
  <100% FPL 126 (18.8) 28 (15.4) 16 (21.8) 12 (21.0) 20 (27.6) 30 (11.9) 
  100%-299% FPL 229 (25.2) 58 (19.1) 26 (13.4) 28 (25.3) 70 (35.1) 27 (22.9) 
   ≧300% FPL 423 (23.4) 94 (16.7) 18 (8.8) 113 (27.2) 107 (34.6) 16 (17.7) 
  P-value 0.2795 0.8095 0.2824 0.9058 0.7600 0.4792 
Smoking status, n (%)       
  Current smoker 65 (27.1) 10 (28.0) 4 (12.7) 11 (7.4) 23 (43.4) 6 (14.7) 
  Not current smoker 713 (22.9) 170 (16.2) 56 (12.8) 142 (27.5) 174 (32.7) 67 (18.2) 
   P-value 0.3403 0.1422 0.9844 0.0114 0.2648 0.7638 
Marital status, n (%)       
  Married 448 (22.6) 110 (16.9) 33 (10.5) 85 (28.8) 90 (31.0) 45 (23.8) 
  Others  147 (23.4) 28 (16.2) 17 (4.5) 27 (25.2) 48 (35.4) 17 (12.9) 
  Never married 183 (24.4) 42 (18.4) 10 (20.7) 41 (23.5) 59 (36.6) 11 (8.8) 
   P-value 0.8103 0.9270 0.0385 0.7787 0.7064 0.0144 
Education, n (%)       
  High school 204 (21.1) 46 (13.6) 22 (15.7) 30 (31.0) 38 (30.7) 49 (14.9) 
  College 433 (26.1) 92 (19.8) 32 (13.3) 90 (24.9) 140 (32.6) 19 (24.3) 
  Graduate 141 (18.9) 42 (17.0) 6 (6.0) 33 (25.6) 19 (45.6) 5 (7.0) 
   P-value  0.0707 0.4335 0.4098 0.7629 0.3643 0.1717 
Physical activity,a n (%)       
  Yes 611 (22.7) 135 (16.9) 49 (12.5) 107 (24.2) 163 (33.7) 58 (13.7) 
50 
 
 
Abbreviation: CHIS, California Health Information Survey; FPL = federal poverty level; SD, 
standard deviation; NA, not applicable.  
Note: Estimates were weighted to be representative of the California population and were 
adjusted for complex survey design effects. 
a Physical activity was defined as walking at least 10 minutes for either transportation or leisure 
over the past 7 days.   
b Healthy diet was determined by response to “how often find fresh fruit/vegetable in 
neighborhood?” including three categories: never, sometimes or usually, and always. 
 
 
            Table 3 shows results from multiple logistic regression analyses for the association 
between race/ethnicity and obesity among Californian adults. After adjusting for other factors, 
compared to Whites, being Hispanics and Blacks were associated with higher prevalence of 
obesity (OR=1.47, 95% CI=1.31-1.65; OR=2.04, 95% CI=1.65-2.53, respectively); Being 
Chinese, Korean, and Vietnamese were associated with lower prevalence of obesity (OR=0.28, 
95% CI=0.18-0.45; OR=0.14, 95% CI=0.04-0.46; OR=0.28, 95% CI=0.14-0.58, respectively). In 
addition, being aged 45-64 years of age (vs. 18-44 years of age), being male, having lower 
family income, married or other marital status, lower education level, lack of physical activity, 
and higher frequency of fast food consumption were associated with higher prevalence of obesity. 
When stratified by sex, among males, being Hispanic and Blacks were positively associated with 
obesity prevalence while being Chinese and Vietnamese were negatively associated with obesity 
prevalence; Among females, being Hispanics and Blacks were positively associated with obesity 
prevalence, while being Chinese, Korean, Japanese, and Filipino were negatively associated with 
obesity prevalence. 
 
  No 167 (26.0) 45 (18.7) 11 (15.0) 46 (35.5) 34 (34.3) 15 (32.5) 
   P-value  0.3041 0.7134 0.7367 0.1644 0.9436 0.0492 
Fast food,b n (%)       
  Never 337 (21.8) 80 (12.8) 29 (8.0) 53 (25.9) 73 (43.7) 54 (21.4) 
  1-2 times 303 (22.2) 67 (17.1) 24 (15.1) 70 (21.5) 80 (28.3) 17 (19.0) 
  ≧3 times  138 (29.1) 33 (31.2) 7 (19.7) 30 (37.4) 44 (28.4) 2 (2.4) 
   P-value 0.1096 0.0046 0.4043 0.3107 0.0942 0.0967 
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Table 2.3 Multiple logistic regression analyses for the association between race/ethnicity and 
obesity among Californian adults, CHIS 2013-2014 (n=40,240) 
Variables All, OR (95% CI) Male, OR (95% CI) Female, OR (95% CI) 
Race/ethnicity     
  Whites (ref)    
  Hispanics 1.47 (1.31-1.65) 1.63 (1.38-1.92) 1.36 (1.15-1.59) 
  Chinese 0.28 (0.18-0.45) 0.43 (0.25-0.75) 0.17 (0.07-0.39) 
  Korean 0.14 (0.04-0.46) 0.23 (0.03-1.62) 0.07 (0.03-0.20) 
  Japanese 0.58 (0.32-1.06) 0.70 (0.17-2.88) 0.54 (0.29-0.98) 
  Filipino 0.70 (0.45-1.08) 1.17 (0.65-2.08) 0.38 (0.20-0.72) 
  Vietnamese 0.28 (0.14-0.58) 0.07 (0.02-0.20) 0.55 (0.25-1.23) 
  Blacks 2.04 (1.65-2.53) 1.78 (1.33-2.40) 2.24 (1.67-3.00) 
  Other races 1.15 (0.88-1.51) 1.07 (0.75-1.51) 1.23 (0.83-1.80) 
Age     
  18-44 years (Ref)    
  45-64 years 1.60 (1.41-1.82) 1.55 (1.28-1.88) 1.67 (1.39-2.01) 
  65 years or above 1.09 (0.95-1.25) 0.96 (0.78-1.19) 1.22 (1.00-1.48) 
Sex    
  Male 1.12 (1.02-1.23) NA NA 
  Female (ref)    
Family income     
  <100% FPL 1.32 (1.12-1.57) 0.86 (0.66-1.13) 1.86 (1.49-2.31) 
  100%-299% FPL 1.25 (1.11-1.40) 1.05 (0.91-1.23) 1.48 (1.25-1.76) 
  ≧300% FPL (ref)    
Smoking status    
  Current smoker 0.89 (0.76-1.03) 0.77 (0.63-0.96) 1.08 (0.85-1.38) 
  Not current smoker (ref)     
Marital status    
  Married  1.32 (1.13-1.54) 1.46 (1.16-1.84) 1.20 (0.96-1.49) 
  Others 1.44 (1.25-1.65) 1.47 (1.18-1.85) 1.36 (1.09-1.69) 
  Never married (ref)    
Education     
  High school 1.31 (1.11-1.55) 1.36 (1.07-1.71) 1.27 (0.99-1.62) 
  College 1.18 (1.01-1.38) 1.17 (0.96-1.43) 1.15 (0.91-1.46) 
  Graduate (ref)    
Physical activity a    
  Yes 0.65 (0.58-0.73) 0.68 (0.57-0.80) 0.64 (0.54-0.75) 
  No (ref)    
Fast food     
  Never (ref)    
  1-2 times 1.42 (1.27-1.58) 1.28 (1.07-1.52) 1.57 (1.36-1.80) 
  ≧3 times  1.60 (1.38-1.86) 1.37 (1.12-1.68) 1.92 (1.56-2.37) 
Abbreviation: CHIS, California Health Information Survey; NA, not applicable; FPL = federal 
poverty level. 
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Note: Estimates were weighted to be representative of the California population and were 
adjusted for complex survey design effects. 
a Physical activity was defined as walking at least 10 minutes for either transportation or leisure 
over the past 7 days.   
b Healthy diet was determined by response to “how often find fresh fruit/vegetable in 
neighborhood?” including three categories: never, sometimes or usually, and always. 
 
            Table 4 shows results from multiple logistic regression analyses for the association 
between race/ethnicity and obesity among Asian Americans. Overall, compared to Chinese, 
being Japanese and Filipino were associated with higher prevalence of obesity (OR=2.75, 95% 
CI=1.52-4.95; OR=2.90, 95% CI=1.87-4.49). When stratified by sex, similar findings were 
observed. In addition, being 65 years or above (vs. 18-44 years of age) for males was negatively 
associated with obesity (OR=0.36, 9%% CI=0.16-0.78), and being 45-64 years of age (vs. 18-44 
years of age) for females was positively associated with obesity (OR=2.14, 95% CI=1.13-4.03). 
 
Table 2.4 Multiple logistic regression analyses for the association between race/ethnicity and 
obesity among Asian Americans, CHIS 2013-2014 (n=3,810) 
Variables All, OR (95% CI) Male, OR (95% CI) Female, OR (95% CI) 
Race/ethnicity     
  Chinese (Ref)    
  Korean 0.63 (0.31-1.29) 0.95 (0.38-2.39) 0.34 (0.11-1.07) 
  Japanese 2.75 (1.52-4.95) 2.89 (1.15-7.23) 2.46 (1.18-5.13) 
  Filipino 2.90 (1.87-4.49) 3.18 (1.68-6.01) 2.54 (1.25-5.17) 
  Vietnamese 1.11 (0.62-1.99) 0.76 (0.33-1.74) 1.78 (0.76-4.13) 
Age     
  18-44 years (Ref)    
  45-64 years 1.34 (0.89-2.03) 0.94 (0.49-1.81) 2.14 (1.13-4.03) 
  65 years or above 0.70 (0.42-1.17) 0.36 (0.16-0.78) 1.38 (0.62-3.07) 
Sex    
  Male 1.91 (1.36-2.70) NA NA 
  Female (ref)    
Family income     
  <100% FPL 0.94 (0.51-1.74) 0.76 (0.31-1.89) 1.12 (0.49-2.57) 
  100%-299% FPL 1.16 (0.77-1.75) 1.12 (0.63-1.98) 1.35 (0.71-2.56) 
  ≧300% FPL (ref)    
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Smoking status    
  Current smoker 1.10 (0.60-2.01) 1.02 (0.50-2.07) 1.27 (0.29-5.51) 
  Not current smoker (ref)    
Marital status    
  Married  0.88 (0.53-1.45) 0.94 (0.48-1.84) 0.90 (0.40-2.03) 
  Others  0.67 (0.37-1.21) 0.71 (0.29-1.75) 0.49 (0.21-1.17) 
  Never married (ref)    
Education     
  High school 0.96 (0.52-1.76) 0.89 (0.42-1.89) 0.84 (0.33-2.13) 
  College 0.97 (0.57-1.62) 1.55 (0.75-3.19) 0.52 (0.24-1.15) 
  Graduate (ref)    
Physical activity a    
  Yes 0.82 (0.54-1.25) 0.84 (0.46-1.53) 0.72 (0.41-1.26) 
  No (ref)    
Fast food     
  Never (ref)    
  1-2 times 0.73 (0.48-1.09) 0.55 (0.31-0.98) 1.19 (0.61-2.23) 
  ≧3 times  0.76 (0.44-1.32) 0.57 (0.28-1.14) 1.16 (0.43-3.14) 
Abbreviation: CHIS, California Health Information Survey; NA, not applicable; FPL = federal poverty level.  
Note: Estimates were weighted to be representative of the California population and were adjusted for complex survey design 
effects. 
a Physical activity was defined as walking at least 10 minutes for either transportation or leisure over the past 7 days.   
b Healthy diet was determined by response to “how often find fresh fruit/vegetable in neighborhood?” including three categories: 
never, sometimes or usually, and always. 
 
Discussion 
           National surveys such as the National Health and Nutrition Examination Survey show that 
compared to other racial/ethnic groups Asian-Americans have lower obesity rates in the U.S. 
However, it has been criticized that such national surveys have not considered the differences 
between ethnic groups in Asians (Wang & Beydoun, 2007). This study assessed differences 
between the prevalence of obesity in Asian racial/ethnic groups, using definitions by standard cut 
points and WHO Asian cut points. It was found that overall the prevalence of obesity was 11.1% 
and 32.6% for overweight (using standard cut points). In contrast, using the WHO Asian cut 
points for obesity, the prevalence of obesity was 23.3% and the prevalence of overweight was 
40.0% among Asian Americans; these estimates are much higher compared to those using 
standard cut points. The reason as to why Asians have lower BMI rates than whites with 
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adjustment for covariates remains unclear (Lee, 2006). Compared to Whites, BMI is consistently 
lower in Asians by about 2–3 kg/m2 for the same amount of body fat, age and sex. This is partly 
because of differences in body build and muscularity (Deurenberg et al., 2002). Furthermore, 
absolute or relative metabolic risk cannot be corresponded similarly in all ethnic groups using 
standard cut points for obesity (Pan et al., 2004; Simmons et al., 1991; WHO, 2004; WHO et al., 
2000). Due to such shortcomings of the BMI measure in Asian populations, in 2002, a WHO 
Expert Consultation panel proposed to lower BMI cut points for Asians, using all available data 
from Asian countries; for Asians, overweight was defined as a BMI of 23–27.5 kg/m2 and 
obesity as a BMI of ≥27.5 kg/m2 (WHO, 2004). Due to the possibility that Asians living in their 
original countries may have very different nutritional and physical activity profiles than those 
who have immigrated to live in Western countries (e.g., the U.S.), whether these international 
guidelines for Asians are appropriate for Asian Americans has been subject to discussion 
(Palaniappan et al., 2011).  Although there was a debate on whether Asian specific BMI cut 
points could be used for all Asians worldwide particularly in Western countries (Low et al., 2009; 
Palaniappan et al., 2011; Pan & Yeh, 2008; Razak et al., 2007; Stevens, 2003), a number of 
studies have been conducted for addressing this issue; these studies found that, compared to 
other racial/ethnic groups, Asian Americans have lower rates of overweight/obesity (Bates et al., 
2008; Ogden et al., 2013; Wang & Beydoun, 2007), but they have a higher risk of type 2 diabetes, 
hypertension, and associated metabolic abnormalities (Karter et al., 2013; King et al., 2012; Lee 
et al., 2011; Palaniappan et al., 2011; Wong et al., 2014). Thus, using standard BMI cut points to 
examine overweight/obesity among Asians American subgroups may underestimate its impact in 
these populations. Instead, applying the WHO Asian BMI cut points may have some benefits, 
e.g., 1) having better estimates of health conditions attributable to overweight/obesity (Karter et 
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al., 2013; King et al., 2012; Palaniappan et al., 2011) and 2) having clinical utility to identify at-
risk Asian Americans (Jih et al., 2014).  
This study found that in California, the prevalence of obesity was 23.3%, 24.8%, 33.5%, 
38.0%, and 36.0% for Asians, Whites, Hispanics, Blacks, and other races, respectively. After 
adjusting for other factors, compared to Whites, being Hispanics and Blacks were associated 
with a higher prevalence of obesity; Being Chinese, Korean, and Vietnamese were associated 
with lower prevalence of obesity. This finding is consistent with a previous study that examined 
racial/ethnic disparities in obesity among adults in California using the 2003 CHIS, where the 
prevalence of obesity was highest in Blacks, followed by Hispanics, Whites, and Asians. 
Reasons that might explain racial/ethnic differences in obesity may be related to a number of 
factors that are correlated to both race/ethnicity and BMI, e.g., different SES, demographic 
characteristics, and behavioral factors (Lee, 2006; Reyes, 2001). For example, Hispanics in 
California have lower educational attainment and higher poverty concentrations than other ethnic 
groups; Blacks have higher poverty rates than whites and more than a third have not attended 
college, and they are more likely than other groups to report no walking (Lee, 2006).  
Among Asians in California, the obesity prevalence was higher in those who were males, 
and were 45-64 years old. It is interesting to observe a higher prevalence of obesity in males 
among Asians, which is different from that among other races. For example, previous studies 
found that overall there are more obese women than men. In developing countries (e.g., in the 
Middle East and North Africa), such disparities are exacerbated among women (Kanter & 
Caballero, 2012). In the U.S., there was no difference in overall obesity prevalence by sex in 
2011-2012. However, sex difference in obesity is observed among non-Hispanic black adults 
(56.6% for women vs. 37.1% for men) (Ogden et al., 2013). Among Asian Americans, women 
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likely pay more attention to healthier lifestyle, e.g., engaging in more physical activity, and thus 
are less likely to be obese.  
California has the largest Asian population in the U.S. (U.S. Census Bureau, 2016). 
Compared to 2001, obesity prevalence in 2011-2012 has increased among Chinese (3.8% versus 
6.1%), Japanese (9.0% versus 15.0%), Filipino (8.8% versus 18.7%), and Vietnamese (3.4% 
versus 6.8%). However, it has not changed significantly among Korean (1.5% versus 2.1%) 
(Wolstein et al., 2015). The present study found that compared to Chinese, being Japanese or 
Filipino was associated with a higher prevalence of obesity, which is consistent with previous 
findings (Wolstein et al., 2015). In addition, another report also showed that among Asian adults, 
Filipino adults (14%) were more than twice as likely to be obese as Asian Indian (6%), 
Vietnamese (5%), or Chinese adults (4%), and were 70% more likely to be obese as compared to 
the overall Asian population (Barnes et al., 2008). It is important to investigate the obesity 
disparity in Asians, because they have pronounced socioeconomic disparities across ethnic 
groups, with some ethnic groups (e.g., Asian Indian, Filipino, and Chinese) having incomes and 
educational levels far exceeding national averages, while others (e.g., Hmong, Cambodian, and 
Vietnamese) having the lowest income and education levels in the U.S. (Cook et al., 2011). 
This study had some limitations. First, data were collected by self-report, making 
responses prone to social desirability bias and recall bias. Second, although not necessarily a 
limitation, our findings may not be generalizable to Asian populations in other states. Third, 
because this study was cross-sectional, the directionality of cause and effect of the association 
between race/ethnicity and obesity cannot be established. Thus, further studies need to use 
longitudinal data to explore their causal relationships. However, CHIS has large sample sizes, 
even for subgroups, and results are applicable broadly to the adult population in the United States, 
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especially for Asian population. To date, few obesity reports in California have provided 
important information regarding obesity among adults in the state; the present study offers new 
insights into obesity research among Asian Americans residing in California. 
 
Conclusion 
The prevalence of obesity was found to be high in adult Asian Americans in California. 
Further, ethnic/racial disparities in Asian Americans in California were observed in 2013-2014. 
Compared to Whites, being Chinese, Korean, and Vietnamese were associated with a lower 
prevalence of obesity. Among Asians, compared to Chinese, being Japanese and being Filipino 
were associated with higher prevalence of obesity. These findings can help design more effective 
interventions to reduce racial and ethnic disparities in obesity, especially for Asian Americans. 
 
 
 
 
 
 
 
 
 
 
 
 
58 
 
 
References 
Chang, V., Christakis, N. (2005). Income inequality and weight status in U.S. metropolitan areas. 
Soc Sci Med, 61(1), 83-96. 
Cook, W.K., Chung, C., Tseng, W. (2011). Demographic and socioeconomic profiles of Asian 
Americans, Native Hawaiians, and Pacific Islanders. Asian and Pacific Islander 
American Health Forum, San Francisco, CA & Washington, D.C. 
Cook, W.K., Tseng, W., Bautista, R., John, I. (2016). Ethnicity, socioeconomic status, and 
overweight in Asian American adolescents. Prev Med Rep, 4, 233-237.  
Flegal, K., Moran-Kruszon, D., Carroll, M., Fryar, C.D., Ogden, C.L. (2016). Trends in obesity 
among adults in the United States, 2005-2014. JAMA, 315(21), 2284-2291. 
Griffith, D. M., Johnson-Lawrence, V., Gunter, K., Neighbors, H. W. (2011). Race, SES, and 
obesity among men. Race and Social Problems, 3, 298-306. 
Kelly, E.A., Bowie, J.V., Griffith, D.M., Bruce, M., Hill, S., Thorpe. R.J. Jr. (2016). Geography, 
race/ethnicity, and obesity among men in the United States. Am J Mens Health, 10(3), 
228-236. 
Lee H. Obesity among California adults: racial and ethnic differences. Public Policy Institute of 
California. 2006. Retreved from 
http://www.dcfn.ppic.org/content/pubs/report/R_906HLR.pdf   
Malnick, S. D., Knobler, H. (2006). The medical complications of obesity. QJM: Monthly 
Journal of the Association of Physicians, 99, 565-579. 
Ogden, C.L., Carroll, M.D., Kit, B.K., Flegal, K.M. (2014). Prevalence of childhood and adult 
obesity in the United States, 2011-2012. JAMA, 311(8), 806-814. 
59 
 
 
Palaniappan, L.P., Wong, E.C., Shin, J.J., Fortmann, S.P., Lauderdale, D.S. (2011). Asian 
Americans have greater prevalence of metabolic syndrome despite lower body mass 
index. Int J Obes, 35 (3), 393–400. 
Reyes, B. (eds.) (2001).  A Portrait of Race and Ethnicity in California: An Assessment of Social 
and Economic Well-Being, Public Policy Institute of California, San Francisco, 
California. 
Staimez, L.R., Weber, M.B., Narayan, K.M., Oza-Frank, R. (2013). A systematic review of 
overweight, obesity, and type 2 diabetes among Asian American subgroups. Curr. 
Diabetes Rev. 9 (4), 312–331. 
UCLA Center for Health Policy Research. AskCHIS 2013-2014. California Health Interview 
Survey (CHIS) 2013-2014. Adult questionnaire. Version 5.4. January 8, 2015. Access in 
2016 at http://askchisne.ucla.edu/chis/design/Documents/chis2013adultquestionnaire.pdf 
Wang, E.J.,Wong, E.C., Dixit, A.A., Fortmann, S.P., Linde, R.B., Palaniappan, L.P. (2011). 
Type 2 diabetes: identifying high risk Asian American subgroups in a clinical population. 
Diabetes Res. Clin. Pract, 93(2), 248–254. 
Wolstein, J., Babey, S.H., Diamant, A.L. (2015). Obesity in California. Los Angeles, CA: UCLA 
Center for Health Policy Research. Retrieved from 
http://healthpolicy.ucla.edu/publications/Documents/PDF/2015/obesityreport-
jun2015.pdf  
Zhou, M., Xiong, Y.S. (2005). The multifaceted American experiences of the children of Asian 
immigrants: lessons for segmented assimilation. Ethn. Racial Stud, 28 (6), 1119–1152. 
 
  
60 
 
 
CHAPTER 3 
GEOGRAPHY DISPARITIES IN OBESITY AMONG ASIAN AMERICANS: AN ANALYSIS 
OF THE 2013-2014 CALIFORNIA HEALTH INTERVIEW SURVEY 
Abstract 
Objectives: Geography disparities exist in obesity and obesity related conditions. The burden of 
obesity is higher in the U.S. southern states than northern states. A very limited number of 
studies have examined geography disparities in obesity among Asian Americans. The aim of this 
study was to examine the association between geography (urban, second-city, suburban, and 
town/rural) and obesity among Asian Americans in California. 
Methods: Data (n = 2896) from the 2013-2014 California Health Interview Survey, a random-
digit-dial telephone survey of households designed to be representative of California’s 
noninstitutionalized population, were used. Obesity (≥27.5 kg/m2) was defined as the WHO 
Asian body mass index cut points in Asian groups. A ZIP code-based geographic classification 
(Urban, 2nd City, Suburban, and Town/Rural) was used to indicate geographic characteristics. 
Weighted multiple logistic regression analyses were used to examine the association between 
geographic characteristics and obesity after controlling for age, sex, race/ethnicity, smoking 
status, physical activity, healthy diet, marital status, and education attainment.  
Results: Sixty nine percent of Asians lived in urban areas, 12.5% lived in a 2nd city, 16.3% lived 
in suburban areas, and 2.1% lived in a town or rural areas. In each subgroup of Asians the 
prevalence of obesity was highest in urban area, i.e., 75.1% for Chinese, 65.7% for Korean, 57.2% 
for Japanese, 60.6% for Filipino, and 81.1% for Vietnamese. In urban area and 2nd city, the 
prevalence of obesity was higher in males than in females. In urban area, the prevalence was 
lower in those with ≧300% FPL compared to those <100% FPL or 100%-299% FPL (63.9% vs. 
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75.0% and 75.2%). Similarly, the prevalence of obesity decreased with increasing education 
level (i.e., 77.5% for high school, 68.8% for college, and 57.6% for graduate) for Asians living in 
urban areas. Multiple logistic regression analyses showed that living in rural areas was associated 
with a lower prevalence of obesity in 2014 (OR=0.53, 95% CI=0.29-0.97). Being male, being 
Japanese and Filipino (vs. Chinese) were associated with a higher prevalence of obesity overall, 
in 2013, and in 2014, respectively. In urban areas, being male (OR=1.73, 95% CI=1.12-2.67), 
being Japanese (OR=2.94, 95% CI=1.43-6.04), and being Filipino (OR=3.08, 95% CI=1.78-5.33) 
were associated with a higher prevalence of obesity. In non-urban areas, being male (OR=2.46, 
95% CI=1.27-4.77), being Japanese (OR=2.36, 95% CI=1.02-5.48), and being Filipino 
(OR=2.81, 95% CI=1.20-6.60) were associated with a higher prevalence of obesity, while being 
65 years of age or above (vs. 18-44 years of age) was associated with lower prevalence of 
obesity (OR=0.31, 95% CI=0.14-0.69).  
Conclusion: Geography disparities were observed in obesity among Asians in California. Living 
in rural areas was associated with lower prevalence of obesity. Being male, being Japanese and 
Filipino (vs. Chinese) was associated with higher prevalence of obesity. After stratified by urban 
and nonurban areas, we also observed different number of risk factors of obesity among Asian 
Americans in California. 
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Introduction 
            According to the National Health and Nutrition Examination Survey (NHANES) the age 
adjusted prevalence of adult obesity was 37.7% in 2013-2014 in the United States (U.S.) (Flegal, 
Kruszon-Moran, Carrol, Fryar, Ogden, 2016). Obesity disparities exist according to income and 
race/ethnicity. For instance, people with low income and minority groups suffer higher 
prevalence of obesity and increased risk of co-morbid conditions, leading to unequal burden for 
different subgroups (Bellamy, Bolin, Gamm, 2011; Jackson, Szklo, Yeh, Wang, Dray-Spira, 
Thorpe, Brancati, 2013; Wang & Beydoun, 2007; Zhang & Wang, 2004).  
            In addition to income and race/ethnicity disparities in obesity, geography disparities exist 
in obesity and obesity related conditions. The burden of obesity is higher in the U.S. southern 
states than northern states (Jackson et al., 2005). About 70 million people live in rural areas, 
accounting for 23% of the U.S. population (U.S. Census Bureau, 2008). Compared with their 
urban counterparts, rural populations have higher rates of preventable conditions such as obesity 
and its related conditions (e.g., diabetes) as well as higher prevalence of all-cause mortality 
(Cossman et al., 2010; Eberhardt et al., 2001); these adverse health differences observed in rural 
populations might be due to  higher rates of  health risk behaviors (e.g., smoking, physical 
inactivity, poor diet) (Befort et al., 2012; Eberhardt & Pamuk, 2004; Hartley, 2004) and passive 
transportation means (Miranda et al., 2009) in non-urban areas. A recent study used measured 
height and weight in a nationally representative sample to examine the rural-urban differences in 
behavioral determinants of obesity and the independent effects of demographic and behavioral 
determinants among rural versus urban adults. The study concluded that obesity is markedly 
higher among rural adults than urban adults in the U.S. (39.6% versus 33.4%) and more attention 
is suggested to be paid to obesity in rural America (Befort et al., 2012). 
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            Another gap in the obesity literature is that there is very limited research on obesity 
among Asian Americans (Nam, 2013). The total population of Asian Americans grew by 46% 
from 2000 to 2010, constituting the largest increase of any major racial group during that period 
(U.S. Census Bureau, 2011). According to latest U.S. Census (i.e., 2014 Population Estimates), 
there are about 20.3 million Asian Americans in the nation, including 6.3 million Asians in 
California which is the state that has the largest Asian population in the U.S. (U.S. Census 
Bureau, 2016). Compared to other ethnic groups (e.g., African Americans, Hispanic Americans), 
research on obesity in Asian Americans does not receive much attention, due to low overweight 
and obesity rates among them (Nam, 2013). However, it has been suggested to use lower body 
mass index (BMI) cut points to define overweight and obesity among Asian Americans (Jih et al., 
2014), because Asian BMI cut points may provide better estimates of health conditions (e.g., 
diabetes) attributable to overweight and obesity (Karter et al., 2013; King et al., 2012; 
Palaniappan et al., 2011). Therefore, the current prevalence of obesity among Asian Americans 
may be underestimated. 
            To fill the gap in geography disparity in obesity among Asian Americans, this study 
examined the association between geography (urban, second-city, suburban, and town/rural) and 
obesity across survey years using appropriate WHO BMI definition for Asian Americans in 
California. It is hypothesized that geography disparities exist in obesity among Asian Americans 
in California. 
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Methods 
Study population 
            The California Health Interview Survey (CHIS) is a random-digit-dial telephone survey 
of households designed to be representative of California’s noninstitutionalized population. A 
two-stage, geographically stratified design was used to produce a representative sample of the 
state. Residential telephone numbers were selected from within predefined geographic areas, and 
respondents were then randomly selected from within sampled households. The CHIS asks 
questions that are shared across age groups and also some questions that are unique to only one 
age group: children (0-11 years of age), adolescents (12-17 years of age), and adults (18 years 
and older). This study restricted the analysis to the Asian adults only (n = 2,896). The telephone 
interviews allow the CHIS to track important health conditions and health behaviors in 
California. With a large sample of a diverse population, CHIS data have great ability to report on 
racial/ethnic differences. 
            The large CHIS sample includes people from many ethnic groups to provide health-
related information for most large and small racial and ethnic populations that are all a part of 
California. To represent California's diverse population and ensure that all ethnic groups can 
have a voice in representing the health of California, the CHIS is conducted in English, Spanish, 
Chinese (Cantonese and Mandarin dialects), Korean, Tagalog and Vietnamese. CHIS telephone 
surveys are conducted in all 58 counties of California. The CHIS may conduct oversampling of 
specific urban areas, such as Los Angeles and San Diego. In this study, data for years 2013 and 
2014 were used for analyses. 
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Study variables 
Obesity 
            BMI was calculated using self-reported height and weight. In order to account for racial 
differences in body fat percentage at the same BMI level, we examined overweight and obesity 
using the WHO Asian BMI cut points in Asian groups as 4 categories: < 18.5 kg/m2 
(underweight), 18.5–22.9 kg/m2 (normal weight), 23–27.5 kg/m2 (overweight), and ≥27.5 kg/m2 
(obesity) (WHO, 2004).  
 
Geographical characteristics 
            A ZIP code-based geographic classification (Urban, 2nd City, Suburban, and Town/Rural) 
was used to indicate geographic characteristics. Urban refers to ZIP codes associated with dense 
neighborhoods that represent the central cities of most major metropolitan areas (more than 
4,150 persons/square mile). 2nd City refers to ZIP codes associated with moderate-density 
neighborhoods in population centers (more than 1,000 and fewer than 4,150 persons/square mile). 
Suburban refers to ZIP codes associated with moderate-density neighborhoods that are not 
surrounded by urban or second-city population centers (estimated to be more than 1,000 
persons/square mile and not in an urban or 2nd city population center). Town/rural refers to ZIP 
codes associated with isolated small towns or less-developed areas on the exurban frontier 
(estimated to be more than 210 but fewer than 950 persons/square mile), or small villages and 
rural hamlets surrounded by productive farmland or wide-open spaces (estimated to be 210 or 
fewer persons/square mile). More details can be found elsewhere (CHIS, 2014) 
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Covariates 
            Demographic variables included self-reported age, sex, and race/ethnicity (Chinese, 
Filipino, Japanese, Korean, and Vietnamese). Family income was reported by the adult 
respondent, usually a parent, and was examined as a percentage of the federal poverty level 
(FPL), adjusting for total household income and number of members in the household. Family 
income was categorized as below 100%, 100% to 299%, or 300% and above of the FPL. 
Smoking status was defined as current smoker or not current smoker. Marital status was defined 
as married, never married, or other. Education attainment included three categories including 
high school, college, and graduate. Physical activity was defined as walking at least 10 minutes 
for either transportation or leisure over the past 7 days. Healthy diet was determined by response 
to the following question: “how often find fresh fruit/vegetable in neighborhood?” Response 
categories included: never, sometimes or usually, and always.  
 
Statistical analysis 
            Characteristics of California adults were examined by descriptive analysis according to 
geography, demographics, family income, weight status, and lifestyle risk factors. Obesity 
prevalence among adults was examined by geographic characteristics in 2013-2014. Variables 
with p values significant at 0.2 were included for analysis in adjusted models. Multiple logistic 
regression analyses were used to examine the association between geographic characteristics 
(urban, 2nd city, suburban, and town/rural) and obesity across survey years after controlling for 
age, sex, race/ethnicity, smoking status, physical activity, healthy diet, marital status, and 
education attainment. All analyses were weighted to be representative of the California 
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population and were adjusted for the complex survey design of the CHIS. All analyses were two-
sided and performed with SAS version 9.4 (SAS Institute Inc, Cary, NC). 
 
Results 
            Table 1 describes the participants’ characteristics of Asian Americans in 2013 and 2014, 
overall and by survey year. Overall, the majority of Asians lived in urban areas (69.2%), were 
18-44 years of age, had high family income (52.9%, ≧300% FPL), were overweight or obese 
(59.9%), were not current smokers (90.0%), were married (56.0%), had college or graduate 
education degrees (82.8%), engaged in physical activity (79.9%), and consumed fast foods 
(54.7%). The largest percentage of Asian population consisted of Chinese (33.5%), followed by 
Filipino (31.5%), Vietnamese (16.2%), Korean (12.1%), and Japanese (6.7%). The percentage of 
urban Asians increased from 67.8% in 2013 to 70.5% in 2014. The percentage of each subgroup 
(i.e., Chinese, Korean, Japanese, Filipino, and Vietnamese) looked similar in 2013 and 2014.  
 
Table 3.1 The participants’ characteristics of Asian Americans by survey year  
 Overall 
(n=2,896 ) 
2013 
(n=1,206) 
2014 
(n=1,690) 
Geography, n (%)    
  Urban 1,953 (69.2) 790 (67.8) 1,163 (70.5) 
  2nd City 386 (12.5) 175 (11.5) 211 (13.5) 
  Suburban 457 (16.3) 202 (17.9) 255 (14.7) 
  Town or Rural 100 (2.1) 39 (2.8) 61 (1.3) 
Age, n (%)    
  18-44 years  700 (50.8) 343 (51.4) 357 (50.2) 
  45-64 years 1,113 (33.1) 486 (33.9) 627 (32.3) 
  65 years or above 1,083 (16.0) 377 (14.6) 706 (17.4) 
Sex, n (%)    
  Male 1,234 (44.8) 528 (44.1) 706 (45.5) 
  Female 1,662 (55.2) 678 (55.9) 984 (54.4) 
Asians, n (%)    
  Chinese 986 (33.5) 445 (33.9) 541 (33.1) 
  Korean 423 (12.1) 217 (12.6) 206 (11.5) 
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  Japanese 436 (6.7) 152 (5.4) 284 (7.99) 
  Filipino 502 (31.5) 248 (30.9) 254 (32.1) 
  Vietnamese 549 (16.2) 144 (17.2) 405 (15.3) 
Family income, n (%)    
  <100% FPL 619 (14.2) 174 (10.8) 445 (17.6) 
  100%-299% FPL 894 (32.9) 366 (33.8) 528 (32.1) 
   ≧300% FPL 1383 (52.9) 666 (55.4) 717 (50.4) 
Weight status, n (%)    
  Underweight 108 (2.9) 34 (2.0) 74 (3.79) 
  Healthy weight 1,121 (37.2) 472 (38.7) 649 (35.7) 
  Overweight 1,143 (37.8) 465 (36.9) 678 (38.6) 
  Obesity 524 (22.1) 235 (22.4) 289 (21.9) 
Smoking status, n (%)    
  Current smoker 192 (10.0) 92 (11.7) 100 (8.3) 
  Not current smoker 2,704 (90.0) 1,114 (88.3) 1,590 (91.7) 
Marital status, n (%)    
  Married 1,713 (56.0) 689 (55.6) 1,024 (56.5) 
  Others  666 (13.5) 262 (12.8) 404 (14.2) 
  Never married 517 (30.4) 255 (31.6) 262 (29.3) 
Education, n (%)    
  High school 879 (27.2) 303 (27.1) 576 (27.4) 
  College 1,488 (54.9) 645 (53.9) 843 (55.8) 
  Graduate 529 (17.9) 258 (19.0) 271 (16.8) 
Physical activity,a n (%)    
  Yes 584 (79.9) 978 (79.0) 356 (19.2) 
  No 2,312 (20.1) 228 (21.0) 1,334 (80.8) 
Fast food,b n (%)    
  Never 1,573 (45.3) 581 (40.8) 992 (49.8) 
  1-2 times 986 (36.1) 461 (40.3) 525 (31.9) 
  ≥ 3 times 337 (18.6) 164 (18.9) 173 (18.3) 
Abbreviation: FPL = federal poverty level; SD, Standard deviation.  
Note: Estimates were weighted to be representative of the California population and were 
adjusted for complex survey design effects. 
a Physical activity was defined as walking at least 10 minutes for either transportation or leisure 
over the past 7 days.   
b Healthy diet was determined by response to “how often find fresh fruit/vegetable in 
neighborhood?” including three categories: never, sometimes or usually, and always. 
 
            Table 2 shows percent of obesity by selected demographic characteristics in rural and 
urban Asian adults in California. In each subgroup of Asians the prevalence of obesity was 
highest in urban areas, i.e., 75.1% for Chinese, 65.7% for Korean, 57.2% for Japanese, 60.6% for 
Filipino, and 81.1% for Vietnamese. In urban areas and 2nd city, the prevalence of obesity was 
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higher in males than in females. In urban areas, the prevalence of obesity was lower in those with 
≧300% FPL compared to those <100% FPL or 100%-299% FPL (63.9% vs. 75.0% and 75.2%); 
likewise the prevalence decreased with increasing educational level (i.e., 77.5% for high school, 
68.8% for college, and 57.6% for graduate education). 
 
Table 3.2 Percent of obesity by selected demographic characteristics in rural and urban Asian 
adults in California 
Characteristics Urban 
n (%)  
2nd City 
n (%)  
Suburban 
n (%) 
Town or Rural 
n (%) 
p-value 
Race/ethnicity      
  Asians      <0.0001 
   Chinese 667 (75.1) 106 (5.2) 187 (18.6) 26 (1.1)  
   Korean 289 (65.7) 50 (7.2) 69 (22.6) 15 (4.4)  
   Japanese 254 (57.2) 72 (17.7) 79 (22.2) 31 (3.0)  
   Filipino 292 (60.6) 111 (22.1) 75 (14.3) 24 (3.0)  
   Vietnamese 451 (81.1) 47 (10.7) 47 (8.1) 4 (0.1)  
Gender     0.0244 
  Male 840 (71.4) 167 (14.2) 187 (13.0) 40 (1.4)  
  Female 1113 (67.4) 219 (11.1) 270 (18.9) 60 (2.6)  
Family income     0.0060 
  <100% FPL 502 (75.0) 51 (12.5) 50 (10.9) 16 (1.6)  
  100%-299% FPL 646 (75.2) 116 (10.9) 102 (12.2) 30 (1.7)  
  ≧300% FPL 805 (63.9) 219 (13.5) 305 (20.3) 54 (2.4)  
Education     0.0001 
  High school 675 (77.5) 93 (11.5) 85 (8.9) 26 (2.1)  
  College 976 (68.8) 208 (12.7) 251 (16.4) 53 (2.1)  
  Graduate 302 (57.6) 85 (13.2) 121 (27.2) 21 (2.0)  
 
            Table 3 shows the results of logistic regression analysis for the association between 
geographic characteristics and obesity (vs. absence of obesity) among Asian Americans in 
California. Rurality was found to be associated with a lower prevalence of obesity in 2014 
(OR=0.53, 95% CI=0.29-0.97). Being male, being Japanese and Filipino (vs. Chinese) were 
associated with higher prevalence of obesity overall, in 2013, and in 2014, respectively.  
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Table 3.3 Logistic regression analyses for the association between geographic characteristics and 
obesity (vs. absence of obesity) among Asian Americans in California, 2013-2014* (n=2,896) 
Characteristics Overall 2013 2014 
 AOR (95% CI) AOR (95% CI) AOR (95% CI) 
Geography     
  Urban (ref)    
  Rural 0.80 (0.56-1.12) 1.17 (0.74-1.83) 0.53 (0.29-0.97) 
Age    
  18-44 years (ref)    
  45-64 years 1.33 (0.88-2.01) 1.31 (0.76-2.26) 1.22 (0.66-2.25) 
  65 years or above 0.70 (0.42-1.18) 0.64 (0.30-1.41) 0.92 (0.46-1.84) 
Sex    
  Female (ref)    
  Male 1.90 (1.35-2.67) 1.91 (1.20-3.05) 1.79 (1.11-2.87) 
Race/ethnicity    
  Chinese (ref)    
  Korean 0.65 (0.32-1.32) 0.59 (0.25-1.39) 0.58 (0.16-2.13) 
  Japanese 2.86 (1.61-5.09) 2.70 (1.23-5.94) 3.98 (1.76-8.98) 
  Filipino 3.02 (1.96-4.65) 2.53 (1.35-4.71) 4.42 (2.41-8.10) 
  Vietnamese 1.10 (0.61-1.98) 1.80 (0.83-3.90) 0.63 (0.27-1.49) 
Family income     
  <100% FPL  0.93 (0.51-1.70) 0.85 (0.35-2.08) 0.95 (0.37-2.41) 
  100%-299% FPL 1.13 (0.75-1.72) 1.52 (0.85-2.75) 0.77 (0.39-1.51) 
  ≧300% FPL (ref)    
Smoking status    
  Current smoker  1.09 (0.60-2.00) 1.24 (0.54-2.86) 1.36 (0.60-3.09) 
  Not current smoker (ref)    
Marital status    
  Married  0.87 (0.53-1.43) 1.62 (0.77-3.42) 0.47 (0.22-1.01) 
  Others  0.66 (0.37-1.19) 1.11 (0.46-2.67) 0.40 (0.17-0.92) 
  Never married (ref)    
Education,     
  High school  0.93 (0.50-1.71) 0.97 (0.38-2.50) 1.12 (0.44-2.87) 
  College 0.94 (0.56-1.57) 0.89 (0.47-1.68) 0.90 (0.39-2.07) 
  Graduate (ref)    
Physical activity a     
  Yes  0.82 (0.54-1.25) 0.50 (0.28-0.91) 1.81 (0.88-3.75) 
  No (ref)    
Fast food    
  Never (ref)    
  1-2 times 0.72 (0.48-1.08) 1.01 (0.56-1.83) 0.41 (0.22-0.74) 
  ≥ 3 times 0.75 (0.44-1.29) 0.49 (0.20-1.18) 0.97 (0.45-2.08) 
Abbreviations: AOR, adjusted odd ratio; CI, confidence interval; PFL, poverty federal level. 
*Adjusted for Age, sex, race (Chinese, Filipino, Japanese, Korean, and Vietnamese), smoking 
status, marital status, education, physical activity, and healthy diet. 
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            Table 4 shows the results of multiple logistic regression analyses for risk factors of 
obesity among Asian Americans in California, within rural and urban adults. In urban areas, 
being male (OR=1.73, 95% CI=1.12-2.67), being Japanese (OR=2.94, 95% CI=1.43-6.04), and 
being Filipino (OR=3.08, 95% CI=1.78-5.33) were associated with higher prevalence of obesity. 
In non-urban areas (including 2nd city, suburban, town or rural areas), being male (OR=2.46, 95% 
CI=1.27-4.77), being Japanese (OR=2.36, 95% CI=1.02-5.48), and being Filipino (OR=2.81, 95% 
CI=1.20-6.60) were associated with higher prevalence of obesity, while being 65 years of age or 
above (vs. 18-44 years of age) was associated with a lower prevalence of obesity (OR=0.31, 95% 
CI=0.14-0.69).  
 
Table 3.4 Multiple logistic regression analyses for risk factors of obesity among Asian 
Americans in California, within rural and urban adults, 2013-2014* (n=2,896) 
Characteristics Urban Non-urban  
(2nd City, Suburban, Town or Rural) 
 AOR (95% CI) AOR (95% CI) 
Age   
  18-44 years (Ref)   
  45-64 years 1.50 (0.90-2.50) 0.99 (0.45-2.17) 
  65 years or above 0.94 (0.49-1.79) 0.31 (0.14-0.69) 
Sex   
  Female (ref)   
  Male 1.73 (1.12-2.67) 2.46 (1.27-4.77) 
Race/ethnicity   
  Chinese (ref)   
  Korean 0.64 (0.25-1.69) 0.60 (0.18-1.94) 
  Japanese 2.94 (1.43-6.04) 2.36 (1.02-5.48) 
  Filipino 3.08 (1.78-5.33) 2.81 (1.20-6.60) 
  Vietnamese 1.35 (0.69-2.62) 0.47 (0.16-1.36) 
Family income    
  <100% FPL  0.99 (0.47-2.06) 0.68 (0.24-1.98) 
  100%-299% FPL 1.12 (0.66-1.91) 1.16 (0.58-2.31) 
  ≧300% FPL (ref)   
Smoking status, n (%)   
  Current smoker  1.33 (0.66-2.69) 0.56 (0.17-1.83) 
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  Not current smoker (ref)   
Marital status, n (%)   
  Married  0.75 (0.41-1.39) 1.66 (0.66-4.15) 
  Others 0.65 (0.32-1.32) 0.91 (0.30-2.78) 
  Never married (ref)   
Education, n (%)   
  High school 0.71 (0.30-1.72) 2.09 (0.78-5.63) 
  College 1.00 (0.46-2.22) 0.82 (0.31-2.16) 
  Graduate (ref)   
Physical activity,a n (%)   
  Yes 0.84 (0.52-1.36) 0.73 (0.35-1.54) 
  No (ref)   
Fast food   
  Never (ref)   
  1-2 times 0.72 (0.42-1.25) 0.73 (0.38-1.41) 
  ≥ 3 times 0.82 (0.42-1.57) 0.59 (0.23-1.55) 
Abbreviations: AOR, adjusted odd ratio; CI, confidence interval; PFL, poverty federal level. 
*Adjusted for age, sex, race (Chinese, Filipino, South Asian, Japanese, Korean, and Vietnamese), 
smoking status, marital status, education, physical activity, healthy diet. 
 
Discussion 
            Many of the studies examining rural and urban differences in health outcomes use 
national surveillance data such as the National Health and Nutrition Examination Survey 
(NHANES), Behavior Risk Factor Surveillance System (YRBSS), and National Health Interview 
Survey (NHIS) (Befort et al., 2012; Jackson et al., 2005). Using NHANES data, Befort et al. 
(2012) showed that the obesity prevalence was 39.6% among rural adults compared to 33.4% 
among urban adults, and it remained significantly higher among rural compared to urban adults 
after adjusting for covariates (i.e., demographic, diet, and physical activity variables) (OR=1.18). 
Race/ethnicity and percent kilocalories from fat were significant correlates of obesity among 
both rural and urban adults. Being married was associated with obesity only among rural 
residents, whereas older age, less education, and being inactive was associated with obesity only 
among urban residents. Befort et al. concluded that obesity is markedly higher among adults 
from rural versus urban areas of the United States (Befort et al., 2012). 
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            Despite some evidence for rural and urban differences in obesity using national data (e.g., 
NHANES, YRBSS, and NHIS), these surveys may ignore differences in Asian-American 
racial/ethnic groups (Wang & Beydoun, 2007). The present study contributes to the limited 
literature regarding geographic disparities in obesity among Asian Americans. We found that 
each subgroup of Asians (i.e., Chinese, Koreans, Japanese, Filipino, and Vietnamese) living in 
urban areas had higher prevalence of obesity compared to those living in non-urban areas. This 
finding is further supported by the result from adjusted regression analysis that rurality was 
associated with lower obesity prevalence. Reasons for the geographic health disparities include 
rural-urban differences in obesity, e.g., rural people tend to have higher rates than urban people 
for health risk behaviors (e.g., smoking, physical inactivity, poor diet) (Befort et al., 2012; 
Eberhardt & Pamuk, 2004; Hartley, 2004) and passive transportation means (Miranda et al., 
2009), which likely contribute to having higher obesity rates. However, as stated above, our 
finding regarding the relation between geography and obesity among Asian groups differed from 
those of previous studies. It is possible that rural-urban differences in obesity-related risk factors 
are different in Asians compared to other races, e.g., urban Asians are likely to have higher rates 
of health risk behaviors. In this study, urban Asians had higher percentage than rural Asians with 
regard to low education (i.e., high school degree, 46.3% vs. 29.1%, p=0.0005) and poor family 
income (i.e., below 100% FPL, 37.3% vs.15.0%, p<0.0001). 
            Furthermore, self-reported height and weight used in this study likely underestimate 
obesity prevalence (Connor et al., 2007) and may influence the degree to which obesity rates 
differ across rural and urban settings. Rural populations are older (Rogers, 2012) and appear to 
be heavier, and both of these factors are associated with inaccurate reporting of height and 
weight (Kuczmarski et al., 2001; Nyholm et al., 2007). The analysis using objectively measured 
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rural and urban obesity prevalence (Befort et al., 2012) between Asian racial/ethnic groups are 
warranted in future studies.  
            Our study also shows that Japanese and Filipino are more likely to be obese compared to 
Chinese in both urban and non-urban areas; it may be that the former two groups  are more likely 
to be acculturated than Chinese, thus leading to similar lifestyle of U.S. native population. For 
example, English would be the mother language for Filipinos who are more likely to accept U.S. 
cultural lifestyle, e.g., consuming more fast food, etc. We also observed an inverse association 
between older age and obesity in non-urban areas. Many older people likely move to non-urban 
areas after their retirement, and live with healthier lifestyles.  
Our study has some limitations. First, our data are subject to self-report bias. Second, the 
CHIS response rate was low, but lower response rates do not necessarily mean more biased 
estimates (Keeter et al., 2000; Tourangeau, 2004). Studies comparing socio-demographics from 
CHIS and the California Census indicate that CHIS is representative of the California population. 
In addition, CHIS included a sample of cell phone-only households weighted to represent adults 
who only have a cell phone and do not have access to a landline telephone. Finally, it is a cross-
sectional survey that cannot be used to establish temporality and, therefore, causality. 
 
Conclusion 
            Geography disparities were observed in obesity among Asians in California. Living in 
rural areas was associated with a lower prevalence of obesity. Being male, and being Japanese 
and Filipino (vs. Chinese) were associated with higher prevalence of obesity. After being 
stratified by urban and nonurban areas, we also observed different number of risk factors of 
obesity among Asian Americans in California. 
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CHAPTER 4 
THE INFLUENCE OF IMMIGRANT GENERATION ON OBESITY AMONG ASIAN 
AMERICANS IN CALIFORNIA FROM 2013 TO 2014 
Abstract 
Objectives: Research has shown that compared to their native-born cohorts, newly arrived 
immigrants have better health, but their health declines the longer they remain in the U.S. and 
become more acculturated. A very limited number of studies have examined the influence of 
immigrant generation on obesity among Asian Americans. The purpose of this study is to 
analyze the association of immigration generation (proxy of acculturation) and obesity among 
Asian Americans in California (i.e., Chinese, Filipino, Vietnamese, Korean, and Japanese). 
Methods: We pooled weighted data (n=2,967) from the latest cycles (2013 and 2014) of the 
California Health Interview Survey (CHIS). Body mass index was calculated using self-reported 
height and weight. Obesity was defined using 25 kg/m2 and 30 kg/m2 as the cut-off points for the 
three weight categories (underweight/normal weight, overweight, and obese) in non-Asians, 
compared with 23 kg/m2 and 27.5 kg/m2 in Asians. First-generation or immigrant Asian 
Americans were defined as those born outside of the U.S. Second-generation Asian Americans 
were defined as those born in the U.S. with at least one foreign-born parent. All other Asian 
participants were classified as third-generation or higher. Multiple logistic regression analyses 
were used to examine the association between immigrant generation and obesity among 
Californian adults and Asian Americans. 
Results: Overall, 23.3% of the Asian population was obese, and 40.0% was overweight. The 
percentage of 1st, 2nd, and 3rd generation were 72.7%, 22.6%, and 4.6%, respectively.  Overall, 1st 
generation of Asians had lower odds of being obese compared to Whites (Odds Ratio (OR)=0.34, 
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95% confidence interval (CI)=0.26-0.45). 1st generation (OR=0.24, 95% CI=0.18-0.32) and 2nd 
generation (OR=0.46, 95% CI=0.26-0.81) of Asians had lower odds of being obese compared to 
Hispanics. 1st generation (OR=0.16, 95% CI=0.12-0.22), 2nd generation (OR=0.26, 95% 
CI=0.14-0.46), and 3rd generation (OR=0.41, 95% CI=0.22-0.78) of Asians had lower odds of 
being obese compared to Blacks. Multiple logistic regression analyses for association between 
immigration generations and obesity among Asian adults showed that overall, 2nd generation 
(OR=1.69, 95% CI=1.10-2.60) and 3rd generation (OR=2.33, 95% CI=1.29-4.22) Asians had 
higher odds of being obese compared to 1st generation Asians. Among Chinese, compared to the 
1st generation, the 3rd generation had increased likelihood of being obese (OR=6.29, 95% 
CI=2.38-16.6). 
Conclusion: Compared to Whites, Hispanics, and Blacks, Asian immigrants are less likely to be 
obese. Among Asians, 2nd and 3rd generations were more likely to be obese compared to 1st 
generation. The obesity rate seems to increase the longer Asian immigrants remain in the U.S. 
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Introduction 
            In 2014, among a total 42.4 million immigrants in the United States (U.S.), Asian 
Americans accounted for 42.4% (Mossaad, 2016). The immigrant population continues to grow. 
Of all the immigrant populations, Asian Americans were the second largest immigrant group, 
accounting for 28% of all foreign born populations (Grieco, Acosta, Patricia, Gambino, Gryn, 
Larsen, et al., 2012). In 2011, 79% of Asian Americans aged 18 years and older were foreign-
born (U.S. Census Bureau, 2015). Asian Americans are one of the fastest growing populations in 
the U.S. The Asian population in the U.S. increased by 46% between 2000 and 2010 (Pew 
Research Center, 2013 and will double in population size with a projected increase to more than 
43 million people by 2050 (Yi et al., 2015); their numbers as a proportion of the U.S. population 
are projected to grow from 5.8% in 2011 to 9% by 2050 (Pew Research Center, 2008).  
            Among the few studies that focused on Asians, a recent study implies the healthy 
immigrant effect may explain the relatively low type 2 diabetes prevalence among first- 
generation Chinese immigrants (Corlin, Woodin, Thanikachalam, Lowe, Brugge, 2014). 
However, other studies on associations between acculturation and type 2 diabetes yielded mixed 
results among Asian Americans (Guo, Lucas, Joshy, Bank, 2015; Xu, Song, You, Zhang, 
Geenland, Ford, et al., 2010; Zheng, Lamoureux, Ikram, Mitchell, Wang, Younan, et al, 2012).  
In the U.S., obesity has become an epidemic over the past two decades (Flegal et al., 2016; 
Flegal et al, 2012). According to the 2013-2014 National Health and Nutrition Examination 
Survey (NHANES) the age-adjusted prevalence of obesity in the U.S. was 35.0% for men and 
40.4% for women (Flegal et al., 2016). Compared to 2001, obesity prevalence in 2011-2012 has 
increased among Chinese (3.8% versus 6.1%), Japanese (9.0% versus 15.0%), Filipino (8.8% 
versus 18.7%), Vietnamese (3.4% versus 6.8%), Southeast Asians (5.8% versus 19.7%), and 
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multiple Asian groups (5.8% versus 12.3%) (Wolstein, 2015). However, to date, there is very 
limited research examining the influence of immigrant generation on obesity among Asian 
Americans. Identifying factors that have propelled the increase of obesity among Asian 
Americans is important if we are to effectively combat and prevent obesity nationwide (Desir, 
2015). 
            Research has shown that compared to their native-born cohorts, newly arrived 
immigrants have better health, but their health declines the longer they remain in the U.S. and 
become more acculturated (Van Hook & Baker, 2010). Acculturation is the process by which a 
minority group adopts the cultural lifestyle and behaviors of the host country (Schaefer, Salazar, 
Bruhn, Saviano, Boushey, Van Loan, 2009). There is evidence showing that compared to the 
U.S.-born population, obesity and its related risk factors are different for immigrants and that 
acculturation is a modifier of the health and behavioral risks of immigrants (Singh, Kogan, Yu, 
2009). It is understood that acculturation plays a role in the prevalence of obesity among 
immigrants. However, it is unclear as to how acculturation factors into obesity for this group. 
Studies show that some immigrants might possess a health advantage due to migration selectivity 
and a protective native culture; this protective buffer dissipates by the third generation (Huang & 
Zheng, 2015). 
            Several methods have been used to measure acculturation. Some researchers analyzed the 
level of acculturation based on generational status. However, the definition of generations varies. 
Mixed results have been observed when immigrant generational status was studied as 
acculturation characteristics related to obesity. Generational status is categorized into the first 
generation, which consists of people who were the first in their family to immigrate to the U.S.; 
the second generation, which consists of people who were born in the U.S. to first generation 
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immigrant parents; and third generation, which consist of people who were born in the U.S. and 
at least one of the parent was also U.S. born (Taverno, Rollins, Francis, 2010); the third 
generation is considered native. On the other hand, Desir (2015) suggests that increased 
immigrant generational status refers to the number of generations the child or adolescent has 
lived in the U. S. For example, a first generation child was born outside of the U. S. with both 
parents also foreign born. A second generation child was born in the U.S. to at least one 
immigrant parent. A third generation child, whom is often referred to as native, was born in the 
U.S. with both parents also U.S. born (Desir, 2015). In health and health services research, 
linguistic proficiency or primary language spoken at home is often used as a proxy measure for 
acculturation since limited proficiency in English is consistently associated with decreased health 
outcomes and health- related quality of life among new immigrants (Gee, Peebles, Golden, 
Storfer-Isser, Heinberg, Horwitz, 2012; Yi, Elfassy, Gupta, Myers, Kerker, 2014). Furthermore, 
length of residency has been used to measure acculturation (Nguyen, Smith, Reynolds, Freshman, 
2015). For example, Antecol (2006) examined the association between length of residency of 
immigrants and their obesity. The author found that within 10-15 years after immigration study 
participants' BMIs became similar as those of U.S. born; immigrants' BMIs were 2-5% lower 
than those of U.S. born once they arrived in the U.S. (Antecol, 2006). 
            The aim of this research is to analyze the association of immigration generation (proxy of 
acculturation) and obesity among Asian Americans in California. We analyzed data from a large 
population-based sample that is representative of Asian ethnic groups: Chinese, Filipino, 
Vietnamese, Korean, and Japanese (Hoeffel, Rastogi, Kim, Shahid, 2012). In contrast, most 
national surveys on health sample a small number of Asian Americans. Further, we pooled 
weighted data from the latest cycle of California population, i.e., 2013-2014. The results of this 
84 
 
 
study can help to refine the diverse risk profile for obesity among Asian Americans while also 
contributing to the overall understanding of the impact of migration on chronic health conditions. 
 
Methods 
Participants 
            The California Health Interview Survey (CHIS) is a population-based telephone survey 
designed to produce health data representative of California’s non-institutionalized population. 
The survey has been conducted biennially since 2001 and continually beginning 2011, and 
covers comprehensive aspects of health. A detailed technical report of the survey can be found 
elsewhere (California Health Interview Survey, 2014). Data (n=2,967) were obtained from CHIS 
2013-2014, which oversampled Asian Americans to increase the precision of estimates for those 
ethnic groups. Interviews were conducted in five languages [English, Spanish, Chinese (both 
Mandarin and Cantonese), Vietnamese, and Korean]. 
            We used data collected from Californian adult participants aged 18 to 85 and restricted 
the sample to Asian descent living in the U.S. and U.S.-born White Americans, where White 
Americans were used as the reference group in our study. We then excluded the following 
subjects: (1) Asians who self-identified as being of an ethnicity other than the following large 
ethnic groups of Asian Americans (Chinese, Filipino, Vietnamese, Korean, and Japanese) or as 
being of multiple Asian sub-ethnicities; (2) foreign-born Asians who were missing information 
on the nativity of either parent for studying obesity as outcome variables.  
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Study variables 
Obesity 
            BMI was calculated using self-reported height and weight. In order to account for racial 
differences in body fat percentage at the same BMI level, we applied race-specific BMI 
standards. We used 25 and 30 as the cut-off points for the three weight categories 
(underweight/normal weight, overweight, and obese) in Whites, compared with 23 and 27.5 in 
Asians (WHO Expert Consultation, 2004). 
 
Generational status  
            First-generation or immigrant Asian Americans were defined as those born outside of the 
U.S. Second-generation Asian Americans were defined as those born in the U.S. with at least one 
foreign-born parent. All other Asian participants were classified as third-generation or more 
(Huang and Zheng, 2015). 
 
Covariates 
            Age was treated as a continuous variable. Sex and race/ethnicity were treated as 
categorical variables. Due to small sample size for some subgroups, race/ethnicity included 
Chinese, Filipino, Vietnamese, Korean, and Japanese. Family income was reported by the adult 
respondent, usually a parent, and was examined as a percentage of the federal poverty level 
(FPL), which adjusted for total household income and number of members in the household. 
Family income was categorized as below 100%, 100% to 299%, or 300% and above of the FPL. 
Smoking status was defined as current smoker or not current smoker. Marital status was defined 
as married, never married, or other. Education attainment included three categories: high school, 
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college, and graduate. Physical activity was defined as walking at least 10 minutes for either 
transportation or leisure over the past 7 days. Healthy diet was determined by response to the 
following question: “how often find fresh fruit/vegetable in neighborhood?” Response categories 
included: never, sometimes or usually, and always.  
 
Statistical analysis 
            To investigate the characteristics of immigrant generation (e.g., 2nd generation and 3rd 
generation versus 1st generation) among Asian Americans in California, and the association with 
obesity, we merged public-use data files of adult samples from the CHIS 2013-2014. All 
analyses were accounted for complex sampling designs and non-response by employing weights 
developed by CHIS. The descriptive statistics for participant characteristics were reported by 
Asian ethnicity. Wald Chi-square test was used to examine categorical variables while analysis 
of variance was used to compare continuous variables between racial/ethnic groups. Prevalence 
was then compared with that among Whites, Hispanics, and Blacks, respectively. We further fit 
logistic regression models to obtain adjusted odds ratios (AORs) of obesity for Asians from 
different subgroups versus other races (i.e., Whites, Hispanics, and Blacks, as the reference 
group, respectively). Furthermore, we examined the association between immigrant generation 
and obesity among Asian Americans using multiple logistic regression analyses that included 
variables with p value significant at 0.2 in univariate analysis. All tests of significance were two-
tailed, with alpha level of 0.05. Analyses were performed using survey data analysis procedures 
in SAS (version 9.4; SAS Institute Inc., Cary, NC). 
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Results 
            Table 1 describes the sample characteristics of Asian adults in California by ethnicity. 
Overall, 23.3% of the participants were obese, 40.0% were overweight, and 2.4% were 
underweight. The percentage of 1st, 2nd, and 3rd generation were 72.7%, 22.6%, and 4.6%, 
respectively.  The majority of the Asian population was aged 18-44 years, had high family 
income, was not current smoker, was married, had college or graduate degrees, engaged in 
physical activity, and consumed fast foods during past seven days. Among Asian subgroups, the 
prevalence of obesity was highest in Filipino (33.8%), followed by Japanese (26.5%), 
Vietnamese (17.9%), Chinese (17.3%), and Korean (12.8%) (p<0.0001). Koreans had the highest 
percentage of 1st generation (81.3%), while Japanese had the lowest percentage (27.1%). As for 
the 2nd generation, the percentage was highest in Japanese (34.8%) and lowest in Koreans 
(16.1%). As for the 3rd generation, Japanese had the highest percentage (38.1%) while 
Vietnamese had the lowest percentage (0.2%) (all p<0.05).  
 
Table 4.1 Sample characteristics of Asian adults in California by ethnicity: CHIS 2013-2014 
(n=2,967) 
 Overall 
 
Chinese 
 
Korean 
 
Japanese 
 
Filipino 
 
Vietnamese 
Weight status, n (%)       
  Underweight  
  (0-18.49) 
131 (2.4) 47 (3.2) 9 (0.5) 22 (5.2) 8 (2.1) 33 (3.1) 
  Healthy weight  
  (18.5-22.99) 
1371 (34.3) 466 (38.0) 186 (44.2) 179 (36.4) 161 (25.6) 232 (50.3) 
  Overweight  
  (23.0-27.49) 
1530 (40.0) 435 (41.5) 190 (42.5) 193 (31.9) 236 (38.5) 216 (28.8) 
  Obesity (27.5+) 778 (23.3) 180 (17.3) 60 (12.8) 153 (26.5) 197 (33.8) 73 (17.9) 
Immigrant generation of 
Asians, n (%) 
      
   1st generation 2672 (72.7) 796 (71.7) 387 (81.3) 118 (27.1) 394 (72.3) 509 (79.7) 
   2nd generation 596 (22.6) 198 (22.0) 33 (16.1) 168 (34.8) 95 (26.0) 39 (20.1) 
   3rd generation 224 (4.6) 49 (6.3) 9 (2.6) 159 (38.1) 12 (1.8) 1 (0.2) 
Sex, n (%)       
  Male 1673 (46.9) 477 (43.8) 197 (43.6) 216 (38.4) 248 (48.3) 249 (48.5) 
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  Female 2137 (53.1) 651 (56.2) 248 (56.4) 331 (61.6) 354 (51.7) 305 (51.5) 
Age        
  18-44 years  1135 (56.2) 350 (60.9) 104 (51.6) 82 (41.5) 220 (52.6) 124 (50.0) 
  45-64 years 1443 (30.6) 467 (29.0) 131 (27.2) 214 (35.7) 213 (32.1) 233 (36.2) 
  65 years or above 1232 (13.2) 311 (10.1) 210 (21.2) 251 (22.8) 169 (15.4) 197 (13.8) 
Family income, n (%)       
  <100% FPL 754 (14.6) 204 (13.5) 105 (15.6) 40 (3.9) 83 (13.7) 244 (25.9) 
  100%-299% FPL 1146 (30.9) 336 (31.4) 177 (42.9) 119 (24.2) 194 (31.0) 184 (32.0) 
   ≧300% FPL 1910 (54.5) 588 (55.1) 163 (41.5) 388 (71.9) 325 (55.3) 126 (42.2) 
Smoking status, n (%)       
  Current smoker 257 (8.8) 55 (9.3) 45 (14.1) 41 (5.2) 51 (9.9) 41 (9.0) 
  Not current smoker 3553 (91.2) 1073 (90.7) 400 (85.9) 506 (94.8) 551 (90.1) 513 (91.0) 
Marital status, n (%)       
  Married 2233 (54.7) 684 (56.9) 252 (57.2) 288 (52.2) 296 (46.8) 344 (57.2) 
  Others  815 (12.3) 212 (10.4) 124 (12.7) 158 (12.9) 149 (18.0) 112 (11.3) 
  Never married 762 (32.9) 232 (32.7) 69 (30.0) 101 (34.9) 157 (35.2) 98 (31.5) 
Education, n (%)       
  High school 1083 (27.2) 315 (30.1) 152 (33.9) 100 (24.5) 111 (18.0) 314 (44.1) 
  College 1939 (53.1) 522 (46.4) 223 (47.9) 324 (58.5) 426 (70.5) 200 (42.8) 
  Graduate 788 (19.7) 291 (23.5) 70 (18.2) 123 (17.1) 65 (11.5) 40 (13.2) 
Physical activity,a n (%)       
  Yes 3058 (79.3) 910 (78.4) 360 (86.8) 411 (80.1) 488 (82.3) 444 (77.8) 
  No 752 (18.7) 218 (21.6) 85 (13.2) 136 (19.9) 114 (17.7) 110 (22.2) 
Fast food, n (%)       
  Never 1982 (43.8) 617 (48.5) 228 (39.9) 245 (41.7) 226 (35.6) 399 (55.6) 
  1-2 times 1340 (37.2) 389 (35.3) 165 (48.2) 220 (38.5) 251 (36.2) 115 (29.7) 
  ≧3 times  488 (19.0) 122 (16.2) 52 (11.9) 82 (19.7) 125 (28.3) 40 (14.7) 
Abbreviation: FPL = federal poverty level; SD, Standard deviation.  
Note: Estimates were weighted to be representative of the California population and were 
adjusted for complex survey design effects. 
a Physical activity was defined as walking at least 10 minutes for either transportation or leisure 
over the past 7 days.   
 
            Table 2 shows results from multiple logistic regression analyses for the association 
between immigration generations and obesity among Californian adults (Asian Americans vs. 
Whites). Overall, 1st generation of Asians had lower odds of being obese compared to Whites 
(OR=0.34, 95% CI=0.26-0.45). Older ages, being male, lower family income, lower education 
level, and lack of physical activity were positively associated with obesity prevalence. In 
addition, the odds of being obese increased with frequency of consumption of fast food (i.e., 
OR=1.43, 95% CI=1.22-1.69 for 1-2 times; OR=1.82, 95% CI=1.50-2.21 for ≧3 times, 
respectively, versus never consuming fast food). Due to small sample size, Asians were divided 
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into Chinese and other Asian groups. Among Chinese, compared to Whites, 1st generation 
(OR=0.26, 95% CI=0.14-0.46) and 2nd generation (0.24, 95% CI=0.09-0.64) had reduced 
likelihood of being obese, but such association disappeared for 3rd generation (OR=1.08, 95% 
CI=0.33-3.49). Among other Asian groups, compared to Whites, being of 1st generation 
(OR=0.36, 95% CI=0.25-0.53) was inversely related to obesity, but such association disappeared 
for 2nd generation (OR=0.74, 95% CI=0.38-1.47) and 3rd generation (OR=0.78, 95% CI=0.37-
1.63). 
 
Table 4.2 Multiple logistic regression analyses for the association between immigration 
generations and obesity among Californian adults (Asian Americans vs. Whites), CHIS 2013-
2014 
 All Asians 
(n=2,967) 
Chinese 
(n=1,043) 
Other Asians a  
(n=1,924) 
Immigrant generation    
  1st generation (vs. Whites) 0.34 (0.26-0.45) 0.26 (0.14-0.46) 0.36 (0.25-0.53) 
  2nd generation (vs. Whites) 0.59 (0.34-1.04) 0.24 (0.09-0.64) 0.74 (0.38-1.47) 
  3rd generation (vs. Whites) 0.86 (0.45-1.64) 1.08 (0.33-3.49) 0.78 (0.37-1.63) 
Age     
  18-44 years (Ref)    
  45-64 years 1.93 (1.62-2.31) 1.97 (1.63-2.39) 2.01 (1.68-2.42) 
  65 years or above 1.32 (1.10-1.58) 1.41 (1.16-1.71) 1.37 (1.14-1.64) 
Sex    
  Male  1.18 (1.03-1.36) 1.14 (0.99-1.31) 1.15 (1.01-1.32) 
  Female (ref)    
Family income     
  <100% FPL  1.25 (0.94-1.65) 1.25 (0.95-1.66) 1.28 (0.95-1.71) 
  100%-299% FPL 1.29 (1.10-1.52) 1.27 (1.08-1.50) 1.24 (1.07-1.45) 
  ≧300% FPL (ref)    
Smoking status    
  Current smoker  0.80 (0.64-1.00) 0.81 (0.65-1.02) 0.76 (0.61-0.95) 
  Not current smoker (ref)    
Marital status    
  Married  0.96 (0.76-1.20) 1.04 (0.82-1.31) 0.94 (0.74-1.18) 
  Others   1.04 (0.85-1.27) 1.16 (0.94-1.43) 1.04 (0.85-1.28) 
  Never married (ref)    
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Education     
  High school 1.28 (1.04-1.58) 1.17 (0.95-1.46) 1.25 (0.99-1.56) 
  College 1.32 (1.11-1.57) 1.24 (1.03-1.49) 1.30 (1.09-1.56) 
  Graduate (ref)    
Physical activity b    
  Yes 0.61 (0.52-0.72) 0.60 (0.50-0.71) 0.59 (0.50-0.70) 
  No (ref)    
Fast food    
  Never    
  1-2 times 1.43 (1.22-1.69) 1.58 (1.34-1.85) 1.43 (1.22-1.67) 
  ≧3 times  1.82 (1.50-2.21) 2.13 (1.75-2.60) 1.89 (1.57-2.28) 
Abbreviation: FPL = federal poverty level; SD, Standard deviation.  
Note: Estimates were weighted to be representative of the California population and were 
adjusted for complex survey design effects. 
a Non-Chinese: Japanese, Korean, Vietnamese, Filipino Asians. Combined due to small number 
of 2nd and 3rd generation for subgroups. 
b Physical activity was defined as walking at least 10 minutes for either transportation or leisure 
over the past 7 days.   
 
            Table 3 shows results from multiple logistic regression analyses for the association 
between immigration generations and obesity among Californian adults (Asian Americans vs. 
Hispanics). Overall, 1st generation (OR=0.24, 95% CI=0.18-0.32) and 2nd generation (OR=0.46, 
95% CI=0.26-0.81) of Asians had lower odds of being obese compared to Hispanics. Younger 
age, being male, being married or other marital status (vs. never married), lower education level, 
lack of physical activity, and fast food consumption were positively associated with obesity 
prevalence. Among Chinese, compared to Hispanics, 1st generation (OR=0.16, 95% CI=0.09-
0.28) and 2nd generation (0.20, 95% CI=0.08-0.52) had reduced likelihood of being obese, but 
such association disappeared for 3rd generation (OR=0.78, 95% CI=0.29-2.11). Among other 
Asian groups, compared to Hispanics, being of 1st generation (OR=0.26, 95% CI=0.18-0.38) was 
associated with decreased odds of being obese, but such association disappeared for 2nd 
generation (OR=0.55, 95% CI=0.28-1.09) and 3rd generation (OR=0.62, 95% CI=0.29-1.34). 
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Table 4.3 Multiple logistic regression analyses for the association between immigration 
generations and obesity among Californian adults (Asian Americans vs. Hispanics), CHIS 2013-
2014 
 All Asians 
(n=2,967) 
Chinese 
(n=1,043) 
Other Asians a 
(n=1,924) 
Immigrant generation    
  1st generation (vs. Hispanics) 0.24 (0.18-0.32) 0.16 (0.09-0.28) 0.26 (0.18-0.38) 
  2nd generation (vs. Hispanics) 0.46 (0.26-0.81) 0.20 (0.08-0.52) 0.55 (0.28-1.09) 
  3rd generation (vs. Hispanics) 0.68 (0.35-1.29) 0.78 (0.29-2.11) 0.62 (0.29-1.34) 
Age     
  18-44 years  1.36 (1.14-1.64) 1.34 (1.11-1.63) 1.38 (1.13-1.68) 
  45-64 years 0.80 (0.64-1.01) 0.89 (0.68-1.15) 0.82 (0.64-1.05) 
  65 years or above (Ref)    
Sex    
  Male 1.18 (1.01-1.37) 1.14 (0.98-1.34) 1.16 (0.99-1.36) 
  Female (ref)    
Family income     
  <100% FPL 1.27 (1.00-1.59) 1.26 (0.99-1.60) 1.26 (0.99-1.60) 
  100%-299% FPL 1.19 (0.99-1.44) 1.17 (0.96-1.43) 1.15 (0.95-1.40) 
  ≧300% FPL (ref)    
Smoking status    
  Current smoker  1.09 (0.84-1.41) 1.14 (0.88-1.47) 1.04 (0.79-1.36) 
  Not current smoker (ref)    
Marital status    
  Married  1.54 (1.24-1.93) 1.74 (1.38-2.19) 1.57 (1.26-1.96) 
  Others  1.62 (1.29-2.04) 1.85 (1.46-2.34) 1.68 (1.33-2.11) 
  Never married  (ref)    
Education     
  High school 1.64 (1.13-2.37) 1.32 (0.87-1.99) 1.52 (1.00-2.32) 
  College 1.29 (0.88-1.89) 1.01 (0.67-1.53) 1.19 (0.77-1.83) 
  Graduate (ref)    
Physical activity b    
  Yes 0.68 (0.57-0.81) 0.66 (0.55-0.80) 0.67 (0.56-0.80) 
  No (ref)    
Fast food    
  Never (ref)    
  1-2 times 1.32 (1.10-1.59) 1.48 (1.21-1.80) 1.30 (1.06-1.58) 
  ≧3 times  1.32 (1.04-1.66) 1.50 (1.17-1.93) 1.32 (1.04-1.68) 
Abbreviation: FPL = federal poverty level; SD, Standard deviation.  
Note: Estimates were weighted to be representative of the California population and were 
adjusted for complex survey design effects. 
a Non-Chinese: Japanese, Korean, Vietnamese, Filipino Asians. Combined due to small number 
of 2nd and 3rd generation for subgroups. 
b Physical activity was defined as walking at least 10 minutes for either transportation or leisure 
over the past 7 days.   
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            Table 4 shows results from multiple logistic regression analyses for the association 
between immigration generations and obesity among Californian adults (Asian Americans vs. 
Blacks). Overall, 1st generation (OR=0.16, 95% CI=0.12-0.22), 2nd generation (OR=0.26, 95% 
CI=0.14-0.46), and 3rd generation (OR=0.41, 95% CI=0.22-0.78) of Asians had lower odds of 
being obese compared to Blacks. Younger age and higher family income were positively 
associated with obesity prevalence. Among Chinese, compared to Blacks, 1st generation 
(OR=0.11, 95% CI=0.06-0.21) and 2nd generation (OR=0.11, 95% CI=0.04-0.29) had reduced 
likelihood of being obese, but such association disappeared for 3rd generation (OR=0.46, 95% 
CI=0.17-1.28). Among other Asian groups, compared to Blacks, 1st generation (OR=0.17, 95% 
CI=0.11-0.26), 2nd generation (OR=0.32, 95% CI=0.16-0.66) and 3rd generation (OR=0.39, 95% 
CI=0.19-0.81) were associated with decreased odds of being obese. 
 
Table 4.4 Multiple logistic regression analyses for the association between immigration 
generations and obesity among Californian adults (Asian Americans vs. Blacks), CHIS 2013-
2014 
 All Asians 
(n=2,967) 
Chinese 
(n=1,043) 
Other Asians a 
(n=1,924) 
Immigrant generation    
  1st generation (vs. Blacks) 0.16 (0.12-0.22) 0.11 (0.06-0.21) 0.17 (0.11-0.26) 
  2nd generation (vs. Blacks) 0.26 (0.14-0.46) 0.11(0.04-0.29) 0.32 (0.16-0.66) 
  3rd generation (vs. Blacks) 0.41 (0.22-0.78) 0.46 (0.17-1.28) 0.39 (0.19-0.81) 
Age     
  18-44 years  1.50 (1.03-2.18) 1.41 (0.92-2.15) 1.59 (1.01-2.50) 
  45-64 years 0.88 (0.60-1.29) 1.08 (0.67-1.76) 0.93 (0.58-1.49) 
  65 years or above (Ref)    
Sex    
  Male 1.10 (0.85-1.43) 0.92 (0.65-1.31) 1.01 (0.75-1.34) 
  Female (ref)    
Family income     
  <100% FPL 1.28 (0.79-2.09) 1.32 (0.79-2.20) 1.33 (0.77-2.30) 
  100%-299% FPL 1.52 (1.09-2.11) 1.60 (1.09-2.35) 1.39 (0.99-1.96) 
  ≧300% FPL (ref)    
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Smoking status    
  Current smoker  0.91 (0.61-1.36) 0.93 (0.57-1.53) 0.76 (0.50-1.15) 
  Not current smoker (ref)    
Marital status    
  Married  0.84 (0.56-1.25) 1.00 (0.63-1.60) 0.78 (0.50-1.21) 
  Others  0.79 (0.52-1.19) 0.98 (0.60-1.58) 0.80 (0.51-1.26) 
  Never married  (ref)    
Education     
  High school 1.02 (0.62-1.68) 0.55 (0.31-1.00) 0.83 (0.48-1.44) 
  College 1.19 (0.76-1.89) 0.70 (0.41-1.19) 1.05 (0.63-1.76) 
  Graduate (ref)    
Physical activity b    
  Yes 0.84 (0.58-1.22) 0.93 (0.63-1.37) 0.85 (0.56-1.29) 
  No (ref)    
Fast food    
  Never (ref)    
  1-2 times 0.98 (0.71-1.36) 1.20 (0.80-1.80) 0.84 (0.58-1.20) 
  ≧3 times  1.07 (0.70-1.64) 1.50 (0.89-2.54) 1.06 (0.71-1.59) 
Abbreviation: FPL = federal poverty level; SD, Standard deviation.  
Note: Estimates were weighted to be representative of the California population and were 
adjusted for complex survey design effects. 
a Non-Chinese: Japanese, Korean, Vietnamese, Filipino Asians. Combined due to small number 
of 2nd and 3rd generation for subgroups. 
b Physical activity was defined as walking at least 10 minutes for either transportation or leisure 
over the past 7 days.   
 
            Table 5 shows results from multiple logistic regression analyses for the association 
between immigration generations and obesity among Asian adults. Overall, 2nd generation 
(OR=1.69, 95% CI=1.10-2.60) and 3rd generation (OR=2.33, 95% CI=1.29-4.22) were associated 
with higher odds of being obese compared to 1st generation. Being male was positively 
associated with obesity prevalence (OR=1.56, 95% CI=1.12-2.17). Among Chinese, compared to 
1st generation, 3rd generation had increased likelihood of being obese (OR=6.29, 95% CI=2.38-
16.6). Among other Asian groups, compared to 1st generation, 2nd generation were associated 
with increased likelihood of being obese (OR=1.99, 95% CI=1.14-3.47). 
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Table 4.5 Multiple logistic regression analyses for the association between immigrant generation 
and obesity among Asian Americans, CHIS 2013-2014  
 All Asians 
(n=2,967) 
Chinese 
(n=1,043) 
Other Asians a 
(n=1,924) 
Immigrant generation    
  2nd generation  1.69 (1.10-2.60) 1.47 (0.57-3.80) 1.99 (1.14-3.47) 
  3rd generation 2.33 (1.29-4.22) 6.29 (2.38-16.6) 1.71 (0.85-3.44) 
  1st generation (ref)    
Age     
  18-44 years (Ref)    
  45-64 years 1.36 (0.93-1.99) 0.92 (0.45-1.85) 1.90 (1.10-3.28) 
  65 years or above 0.74 (0.47-1.16) 1.34 (0.49-3.66) 0.90 (0.51-1.61) 
Sex    
  Male 1.56 (1.12-2.17) 1.30 (0.70-2.40) 1.88 (1.24-2.87) 
  Female (ref)    
Family income     
<100% FPL 0.97 (0.56-1.66) 1.73 (0.69-4.36) 0.80 (0.36-1.80) 
100%-299% FPL 1.25 (0.88-1.78) 1.15 (0.56-2.40) 1.10 (0.68-1.77) 
≧300% FPL (ref)    
Smoking status    
  Current smoker 0.94 (0.58-1.55) 1.28 (0.49-3.32) 0.98 (0.50-1.93) 
  Not current smoker (ref)    
Marital status    
  Married  1.10 (0.69-1.78) 1.11 (0.44-2.79) 0.80 (0.41-1.58) 
  Others  1.02 (0.59-1.76) 0.60 (0.19-1.91) 0.80 (0.36-1.77) 
  Never married (ref)    
Education     
  High school 1.14 (0.64-2.04) 0.72 (0.28-1.81) 0.91 (0.41-2.04) 
  College 1.39 (0.86-2.25) 0.71 (0.29-1.76) 1.23 (0.66-2.28) 
  Graduate (ref)    
Physical activity b    
  Yes 0.88 (0.60-1.29) 1.28 (0.62-2.65) 0.67 (0.42-1.06) 
  No (ref)    
Fast food b    
  Never (ref)    
  1-2 times 0.95 (0.68-1.34) 1.60 (0.80-3.23) 0.59 (0.35-0.98) 
  ≥ 3 times 1.17 (0.70-1.96) 2.46 (1.04-5.81) 0.56 (0.28-1.15) 
Abbreviation: FPL = federal poverty level; SD, Standard deviation.  
Note: Estimates were weighted to be representative of the California population and were adjusted for 
complex survey design effects. 
a Non-Chinese: Japanese, Korean, Vietnamese, Filipino Asians. Combined due to small number of 2nd and 
3rd generation for subgroups. 
b Physical activity was defined as walking at least 10 minutes for either transportation or leisure over the 
past 7 days.   
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Discussion 
            Asian Americans have been reported to be less obese than other major U.S. ethnic 
population groups (Bates, et al., 2008); the latter may be due to the high proportion of 
immigrants in the Asian American population. Studies on obesity in Asian Americans have 
found that compared to U.S.-born Asian Americans, foreign-born Asian Americans are 
significantly less overweight and obese, though increased duration of residence in the U.S. 
among foreign-born Asian Americans is correlated with increased obesity (Kaushal, 2009; Goel, 
2009; Sanchez-Vaznaugh, Kawachi, Subramanian, Sanchez, Acevedo-Garcia, 2009). Studies of 
Asian Americans by immigrant generation have observed a trend of increasing obesity with later 
generations (Bates et al., 2008; Singh et al., 2009). Although it is assumed that U.S. 
environmental characteristics and acculturation to western lifestyles (e.g., diet and exercise) may 
explain the phenomenon, very limited studies have been conducted to link immigrant generation 
and subsequent obesity in Asian American adults. 
            This study is among the very few studies to examine the association between immigrant 
generation and obesity among Asian Americans. Using WHO Asian cut points for obesity, 
overall, 23.3% of the Asians were obese, and 40.0% were overweight. The percentage of 1st, 2nd, 
and 3rd generation in the study were 72.7%, 22.6%, and 4.6%, respectively. Compared to other 
races (i.e., Whites, Hispanics, and Blacks), Asians were less likely to be obese, especially for 1st 
generation of Asian Americans. Although 2nd and 3rd generations of Asians were also associated 
with reduced obesity prevalence as compared to other races, the magnitude of the association 
decreased compared to the 1st generation of Asians. For example, 1st generation, 2nd generation, 
and 3rd generation of Asians had lower odds of being obese compared to Blacks (OR=0.16, 0.26, 
0.41). This finding is further supported by the observation that among Asian adults, 2nd 
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generation and 3rd generation were associated with higher odds of being obese compared to 1st 
generation. These findings are consistent with previous studies, e.g., compared to their native-
born cohorts, newly arrived immigrants’ health declines the longer they remain in the U.S. and 
become more acculturated (Van Hook & Baker, 2010). All the evidence suggests an increased 
risk of being obese among immigrants due to lifestyle changes closer to the U.S. born population 
with increasing generation, i.e., indicating that acculturation to US lifestyles contributes to their 
heightened obesity risk.  
Although immigrants likely arrive in the U.S. with adverse social and economic profile, 
they have health advantage, which may reflect migration selectivity (Goel, McCarthy, Phillips, 
Wee, 2004; Palloni & Arias, 2004; Rubalcava, Teruel, Thomas, Goldman, 2008) or the 
protective culture of immigrants. This encourages healthy behaviors and strong social support 
systems (Kawachi & Berkman, 2000; Cattell, 2001). Nevertheless, immigrants and their 
subsequent generations lose at least some of this initial health advantage (Angel, Angel, Diaz 
Venegas, Bonazzo, 2010; Antecol, 2006). With regard to obesity, the differences in its 
prevalence and related risk factors have been reported between immigrants and U.S. born 
population (Singh et al., 2009), leading to different obesity prevalence between Asians and other 
races. Acculturation is considered to likely modify health and behavioral risks of immigrants, 
leading to decreased odds of being obese from 1st to 3rd generations (Singh et al., 2009); this is 
consistent with a recent study where health advantage in some immigrants due to migration 
selectivity and a protective native culture seem to dissipate by later generations (Huang & Zheng, 
2015). On the other hand, some immigrants may not possess such health advantage. The 
association of immigrant generation and obesity was also observed in Chinese and other Asian 
groups. 
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In addition, some studies have suggested a positive association between immigrant 
generation and other health outcomes. For example, a study found that immigrant generation is 
associated with increased diabetes risk among adults of Mexican origin. Compared with 1st 
generation Mexican immigrants, U.S. born second- and third-generation individuals had higher 
diabetes risk (Afable-Munsuz, 2014). 
            This study had some limitations. First, our analyses were limited to the CHIS public use 
file, and thus we did not have access to information such as parents’ national origins or 
documentation status. Second, CHIS only interviews respondents in residential settings, which 
do not include homeless individuals and people living in group quarters such as group homes, 
dormitories, jails, and prisons. Third, due to small sample sizes for some subgroups, Asians 
group was only dichotomized into Chinese and other Asians as a whole, proving limited 
information for Japanese, Koreans, Filipino, and Vietnamese. However, some of these immigrant 
groups may not possess health advantage due to migration selectivity and a protective native 
culture. Finally, CHIS is a California-based random-digit dial survey of population health. Low 
response rates for the years included in this study limit generalizability. Additionally, our results 
are not generalizable to the US population since CHIS only samples the California population.  
 
Conclusion 
            Compared to other races, immigrants are more likely to have obesity. Among Asians, 2nd 
and 3rd generals were associated with higher likelihood of being obese compared to 1st generation. 
The obesity rate seems to increase the longer Asians remain in the U.S. due to being more 
acculturated. 
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CHAPTER 5 
 
DISCUSSION AND CONCLUSION 
 
            More than one-third of the U.S. population is currently obese. The prevalence of obesity 
among men has been estimated to be 35.0% r and 40.4% for women (Flegal et al., 2016), 
indicating that obesity rates remain high (Jensen et al., 2014; Ogden et al., 2014). In California, 
the prevalence of adult obesity rose from 19% in 2001 to 25% in 2011-2012 (Wolstein et al., 
2015), but obesity research among Asian Americans has been rarely studied to date. 
            The present study is among first research to comprehensively examine obesity prevalence 
and related risk factors among Asian American population in the U.S., with the aim to study 1) 
ethnic group differences in obesity among Asian Americans in California; 2) geography 
disparities in obesity among Asian Americans in California; and 3) the influence of immigrant 
generation on obesity among Asian Americans in California. Adult data files were used from the 
public-access CHIS for the latest cycles (i.e., 2013-2014), which is a biennial population-based 
survey that uses a random-digit–dial sample, including both landline and cellular telephone 
numbers. All analyses were survey-weighted by using the jackknife method for variance and 
standard error.  
            Many interesting findings were observed in this study. Overall, the prevalence of Asians 
was 23.3% for obesity and 40.0% for overweight. The obesity prevalence was higher in Asians 
who were males, were 45-64 year old, had higher family income, were current smokers, never 
got married, had lower education level, did not engage in physical activity, and had more 
frequent consumption of fast food. After adjusting for other factors, compared to Whites, being 
Hispanics and Blacks were associated with higher prevalence of obesity; being Chinese, Korean, 
and Vietnamese were associated with lower prevalence of obesity. Compared to Chinese, being 
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Japanese and Filipino were associated with higher prevalence of obesity. There were 69.2% 
Asians living in urban areas. In each subgroup of Asians the prevalence of obesity was highest in 
urban areas. Living in rural areas was associated with a lower prevalence of obesity. Being male, 
being Japanese and Filipino (vs. Chinese) were associated with higher prevalence of obesity 
overall, in 2013, and in 2014, respectively. With regard to the influence of immigrant generation 
on obesity, overall, 1st generation of Asians had lower odds of being obese compared to Whites; 
1st generation and 2nd generation of Asians had lower odds of being obese compared to Hispanics; 
and 1st generation, 2nd generation, and 3rd generation of Asians had lower odds of being obese 
compared to Blacks. Among Asian adults, 2nd generation and 3rd generation were associated with 
higher odds of being obese compared to 1st generation. Among Chinese, compared to 1st 
generation, 3rd generation had increased likelihood of being obese.  
It is important to investigate the obesity disparity in Asians due to pronounced 
socioeconomic disparities across ethnic groups. Some ethnic groups (e.g., Asian Indian, Filipino, 
and Chinese, mostly large and more-established) have incomes and educational levels far 
exceeding national averages, while others (e.g., Hmong, Cambodian, and Vietnamese) have the 
lowest income and education levels in the U.S. (Cook et al., 2011). Asian Americans have been 
reported to be less obese than other major U.S. ethnic population groups (Bates, et al., 2008). 
The lower obesity rates among Asian Americans may be because of the high proportion of 
immigrants in the Asian American population.  
Findings of the present study add to the limited literature to date regarding race/ethnicity, 
geographic, and immigrant generation disparities in obesity among Asian Americans, though 
some findings are not consistent with previous studies. For example, it was interesting to find 
that each subgroup of Asians (i.e., Chinese, Koreans, Japanese, Filipino, and Vietnamese) living 
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in urban areas had the highest prevalence of obesity compared to those living in non-urban areas, 
which is different from Befort et al.’s (2012) finding that U.S. rural adults had higher obesity 
prevalence than urban adults. Some possible explanations have been discussed in each 
manuscript for findings consistent or not consistent with previous studies. In the future, studies 
using more objectively measured obesity in Asian racial/ethnic groups are warranted. 
Our study has several limitations. The self-reported data in CHIS is susceptible to recall 
bias, and given that CHIS is California-based, our results are not generalizable to other states. 
Despite such limitations, the use of a population-based survey allows results to be generalizable 
to the Asian American immigrant population in California. The findings from this study 
highlight the need for public health efforts to address the obesity disparities among Asian 
Americans overall and to reach specific Asian American subgroups to prevent this comorbidity. 
The study was conducted on a California population sample and may not be generalizable to 
Asian Americans elsewhere. We relied on respondents’ self-report of weight and height and 
health behaviors, which is subject to recall error and bias. Social desirability leading to 
underreporting of weight may differ by acculturation status, potentially leading to conservative 
differences in obesity rates. We had no direct measure of acculturation and included immigrant 
generation as a proxy. As a result of using proxy measures for acculturation, some 
misclassification of acculturation status remains a possibility. We did not include language 
ability as a proxy of acculturation. Wang et al. (2011) found that compared to being acculturated 
without retention of Asian language, biculturalism (i.e., retention of Asian language) among 
Asian Americans was associated with decreased obesity rate. Despite increasing generational 
status, more studies are needed to examine why retention of heritage culture is protective and 
how protective behaviors can be extended. Finally, a cross-sectional study cannot prove a causal 
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link between acculturation and development of obesity, although reverse causation is unlikely in 
this case. 
 
Conclusion 
            Disparities in ethnicity/race, geography, and immigrant generations were observed in 
Asian Americans in California in 2013-2014. Compared to Whites, being Chinese, Korean, 
Vietnamese were associated with lower prevalence of obesity. Living in rural areas was 
associated with lower prevalence of obesity. Being male, being Japanese and Filipino (vs. 
Chinese) were associated with higher prevalence of obesity. Some risk factors of obesity among 
Asian Americans in California, within rural and urban adults, were also observed. Among Asians, 
2nd and 3rd generations were associated with a higher likelihood of being obese compared to 1st 
generation. Our findings can help resolve controversies surrounding the obesity etiology, 
especially as applied to health disparities in Asian Americans, and help guide future obesity and 
health disparity elimination intervention efforts. 
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